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ABSTRACT

Underwater communication has been researcher’s
area of interest for years. Sow rate of progressin
this area is because the underwater acoustic
channel isin general much more hostile in terms of
multipath, frequency selectivity, noise, and the
Doppler Effect than the radio frequency channel.
In general, the signals arriving from different
propagation paths will be scaled differently due to
different path variation rates. Therefore, building
an efficient underwater acoustic communication
(UAC) system which has a high data rate can
improve  these  applications  perfermance
significantly. Orthogonal Frequency \Division
Multiplexing (OFDM) has been intensively pursued
for underwater acoustic (UWA) communications
recently due to its ability to handle long dispersive
channels. Introduction of Multiple Input Multiple
Output (MIMO) channel helps to achieve high data
speed and better bit rate. Thus the combination,
MIMO-OFDM helps to attain high transmission
rates and robustness against multipath fading. In
this scenario, to combat the effects of channel on
the transmitted signal, the availability of channel
state information (CS) at the receiver end is
crucial for effective functioning of the system and
successful recovery of the transmitted signal.

The aim of this survey is to investigate channel
estimation based on Least Sguares (LS and
Minimum Mean Square Error (MMSE) criteria for
underwater MIMO-OFDM systems. Simulations
are done using MATLAB. Bit Error Rate (BER) is
used as the tool for comparison. Finally the results
show that, though being complex MMSE proves to
be better than LS estimation for underwater

acoustic channel.

Keywords. Orthogonal Frequency Division
Multiplexing, Multiple Input Multiple Output,
Underwater Acoustic Communication, Channel
State Information, Least Squares, Minimum
Mean Square Error.

1. (INTRODUCTION

Orthogonal  frequency divison  multiplexing
(@FDM) provides an effective and low complexity
means of eliminating inter symbol interference for
transmission over frequency selective fading
channels. This technique has received a lot of
interest in underwater acoustic communication as
the underwater channel is usualy frequency
selective and time variant.

To attain high data rate wide spectral bandwidth
has to be used, which makes the system
economically unfeasible and aso the channel
becomes very selective. These problems can be
minimized by using Multiple Input Multiple Output
systems which has multiple transmit and multiple
receive antennas. The multiple signals transmitted
and multiple replicas obtained at the receiver can
be combined to increase diversity and datarate.

MIMO in combination with OFDM can be used to
achieve best performance in terms of high capacity,
data rate and good outcome in underwater acoustic
channels.

One of the mgjor challenges faced by underwater
MIMO-OFDM system is the channel estimation.
For the effective retrieval of the transmitted signal,
channel estimates or channel state information has
to be known at the receiver. Pilot based channel
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estimation is the commonly used technique for
channel estimation where a sequence of known
signals called pilots is transmitted along with
original data signal and receiver use these pilots to
perform channel estimation. Least Squares (LS)
estimation is a common method for pilot based
channel estimation as it offers better performance
with reasonable complexity. Another method,
Minimum Mean Squares Egtimation (MMSE)
provides a much better performance than LS but
with a higher complexity.

This work addresses channel estimation based on
LS and MMSE criteria for underwater MIMO-
OFDM communication system. The channel
estimation at pilot frequencies using LS and
MMSE estimation algorithms are done through
MATLAB simulation. The performances are
evaluated on the basis of Bit Error Rate. MM SE
estimation is seen to show better performance in
underwater channel than LS but it tends to be more
complex.

2. MIMO-OFDM System

OFDM is able to transform frequency selective
channel into a set of individua frequency non
selective narrow band channel which is suited for
MIMO system that requires frequency non
selective characteristics at each channel when
transmission rate is high enough to make'the whole
channel frequency selective. Therefore MIMO-
OFDM system is able to achieve high“speatral
efficiency. A real chalenge faced by MIMO-
OFDM system by the adoption of multiple antenna
elements at the transmitter is superposition of these
multiple transmitted signal and the receiver
weighted by their corresponding multipath
channels. Thisresultsin ISl which makes detection
very difficult. By using cyclic extension, OFDM
provides an efficient way to handle |SI.

The MIMO-OFDM system addressed here employs
two transmit antennas and two receive antennas.
100 OFDM symbols of length 100 are transmitted
through the underwater channel. QPSK is used as
the modulation technique. The OFDM signa for
each antenna is obtained by using Inverse Fast
Fourier Transform (IFFT) and can be detected by
Fast Fourier Transform (FFT). Cyclic extension is
added to each OFDM symbol before final
transmission and at the receiver this cyclic
extension part is removed. Then the transmitted
symbol per transmit antenna is combined and
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outputted for subsequent operations like digital

demodulation and decoding, Channel estimation is

done using LS and MM SE techniques. Finally the
input binary data are recovered with certain BER.
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Fig 1. Block Diagram of MIMO-OFDM System

3. Underwater Acoustic Channel
Underwater acoustic channel is very complex due
to non-homogeneity of the channel. Density,
temperature gradients and suspended particles are
the main course for the imperfection in the
underwater channels. Channel boundaries and
constant water motion add to the complexity. This
camplex® nature of the channel need to multipath
phenemenon. Major aspects of the underwater
chanpnelMfrom a communication designer’s point of
view/ are multipath, transmission loss, ambient
noise. The multipath phenomenon causes Inter-
Symbol Interference and reverberation.
Heterogeneity of sea water, reflection of sea
bottom and surface as well as existence of various
scatterers and reflectors result in multi path
phenomenon of underwater acoustic channel. Inter-
Symbol Interference is a fundamental obstacle of
data paths.

During the process of signal transmission the signal
energy is an important factor of concern. Acoustic
wave reduces in intensity as it propagates through
the underwater channel due to geometrical
spreading and absorption. Geometrical spreading
loss is caused by spreading of the acoustic energy
as a consequence of expansion of acoustic waves.
This loss depends on propagation range. Spherical
spreading which characterizes deep water
communication (k = 2) and cylindrical spreading
that characterizes shallow water communication are
the two common types of geometrical spreading. In
practice, spreading factor, k is 1.5. Attenuation is
mainly due to absorption caused by conversion of
signa energy into heat by propagating. The
empirical formula of the seawater absorption
coefficient of sound waves, which is proposed by
Thorp is expressed as
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= >+ 5 +2.75*10 £ 2+0.003
1+ f 4100+ f

a(f)

where a(f) isgivenindB/km, f isthe centre
frequency of the transmitted signal, in units of kHz.

Acoustic noise in underwater communication
channel can be manmade or natural. Shipping
activities and machinery noise lead to manmade
noise, whereas waves, wind, tide, rain, seismic
activities and biological phenomenon reduce
natural noise. The magor noise sources can be
expressed through empirica formulae ,which
provide power spectral densities of each source
relative to frequency f [kHz] in [dB re p Pa per Hz]

10log N, (f)=17-30log(f),

10log N, (f) =40+ 20(s—5) + 26log( ) —60log( f +0.03),

10log N, ( f) = 50+ 7.50'2 + 20log( f ) — 40log( f + 0.4),
10log N, (f) =—-15+20log( f),

where Ne: Ng Nyyo Ny stand for turbulence,

shipping, wind and thermal noise, respectively. The
total noise power spectral density for agiven
frequency f [kHZz] isthen

N(F) =N (f)+ N (f)+ N, (f)+ Ny, (f)

4. CHANNEL ESTIMATION

Major challenge faced by MIMO-OFDM system is
how to obtain channel state information accurately
a the receiver. Channel state information can be
obtained can be obtained through pilot based, blind
and semi-blind channel estimation. In pilot based
channel estimation technique pilot tones that are
known to receiver are transmitted along with data
signal. The blind channel estimation is performed
by using the statistical information of the channel
and some properties of the transmitted signal.
Semi-blind channel estimation is a combination of
blind and pilot based method.

In this work we consider the pilot based channel
estimation technique. It can be performed by either
block type or comb type pilots. Block type pilot
channel estimation is developed for slow fading
channel, where pilot tones are inserted into all
frequency bins within periodic intervals of OFDM
blocks. Comb pilot channel estimation where pilot
tones are inserted into each OFDM symbols with a
specific period of frequency bins. Here we adopt
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block type pilot based channel estimation. If

channel is perfectly constant during the block there

will be no channel estimation error since the pilots

are sent at al carriers. Estimation can be performed

by using LS or MM SE. MM SE has been shown to

perform much better than LS but it is more
complex than LS.

4.1 Least Square Estimation

Lease Square Estimation can be used to estimate
the channel by minimising the sguared error
between estimation and detection. This method

finds the channel estimate ﬂ in such a way that
the following cost function is minimized.

J(ﬂ):“Y—Xﬂ”Z:(Y—Xﬂ)H(Y—Xﬂ)

—YHY Y xH —H XMy +H " X" xH
By setting the derivative of the function with
respect to ﬂ to zero,
%gi)z—z(xwwz(x“xﬂ)*zo

wehave X" XH = X"y ,which gives the solution
to LS channel estimation as

His=(X"X) XY = XY

4.2 MMSE Channel Estimation

Consider the LS solution His= XYOH,

Using the  weight matrixW , define

HOWH which corresponds to the MMSE
estimate. The mean square error of the channel

estimate H isgiven as
~ 2 ~112
I(H)=E(|d") =E(H-H])
Thus the MMSE channel estimation technique

finds a better estimate in terms of W in such a
way that the mean square error is minimized. The
orthogonality principle states that the estimation

error vector €=H —H js orthogonal to H , such
that

E{eH"} =E{(H-H)H"} =E{(H -WH")H"}
= E{HH"} -WE{HH "}
=R -WR;; =0

www.ijournals.in Page 44

‘ © 2015, lJournals All Rights Reserved




lJournals: International Journal of Software & Hardware Research in Engineering

Where R*H is the cross correlation matrix and

H isthe LS channel estimate given as
H=XY=H+X"Z

Solving for Wyields
-1
W=R;Ry;

Where Rq.q is the autocorrelation matrix, given as
. =E{HH"}

H
= E{XY(XY)"}
= E{(H + X'Z)(H + X 2)"}
= E{HH" + XIZH" + HZ" (X )" + X 22" (X )"}
= E{HH"}+ E{XZZ" (X )"}
= E{HH“}+O——Z§I

O,

Then the MM SE channel estimateis as follows
H=WH = R Rﬂuﬂ_l':'

_ % yiA
_Rt—iﬂ(RHH—i_o_fl) H

We can conclude that MMSE is an optimal
estimator  for underwater MIMO-OFDM
communication system.

5. SIMULATION AND RESULTS

The simulation is done in MATLAB. "MIMO-
OFDM system with two transmit and twe, receive
antennas are used for ssimulation. QPSK is'Used as
the modulation technique. A BER vs. SNR graph is
plotted for the proposed technique of channel
estimation.

Underwater MIMO-OFDM Channel Estimation
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6. CONCLUSION

In this paper channel estimation for underwater
acoustic channel is done using block type pilot
based technique with LS and MMSE algorithms.
The estimators used here are able to efficiently
estimate the channel with priori knowledge of the
channel statistics. Simulation results show that
MMSE channel estimation has better performance
but higher complexity than LS channel estimation.

7. REFERENCES

[1]. [1] Ramjee Prasad, “OFDM for Wireless
Communications Systems”, Artech House, Inc.
Publications.

. [2] Kaa Praveen Bagadi, Prof. Susmita Das
“MIMO-OFDM  Channel Estimation using
Pilot Carries” International Journal of
Computer Applications (0975 — 8887)Volume
2—No.3, May 2010

.[3] Nan Jingl, Weihong Bil, Qing Yue,
“Attack Simulation Model and Channel
Statistics in  Underwater Acoustic Sensor
Netwotks”.

{[41 F. De Rango, F. Vdtril, P. Fazio D.E.I.S.
Department, University of Calabria, Italy,
87036 derango, fveltri, pfazio_@deis.unical.it
“A Multipath Fading Channel Model for
Underwater Shallow Acoustic
Communications”.

. [5] Chide, Nilesh, Shreyas Deshmukh, and P.
B. Borole. " Implementation of OFDM
System using IFFT and FFT." International
Journal  of Engineering Research and
Applications (IJERA) 3, no. 1 (2013): 2009-
2014.

. [6] Gordan Lstuber, john Rbarry “Broadband
MIMO-OFDM  wireless communications”
proceedings of the |IEEE, vol92, No2, February
2004

. [7] B. Li, S. Zhou, M. Stojanovic, L. Freitag, J.
Huang, and P. Willett, “MIMO-OFDM over an
underwater acoustic channel,” in Proc. Of
MTS/IEEE OCEANS conference, Vancouver,
BC, Canada, Sept. 29 - Oct. 4, 2007.

‘ © 2015, lJournals All Rights Reserved

www.ijournals.in Page 45




