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Abstract— One of the major problem with OFDM
system is the Inter channel Interference. When the
communication is performed parallel over the multiple
channels, then because of the high speed communication,
some noise occur itself because of carrier interferences
or the overlapping of carrier signal. To achieve the
effective communication over in OFDM the reduction of
ICI is required. In this present work, a kalman filter
based approach is presented. The work is implemented
for both the OFDM and MIMO-OFDM systems under
different modulation approaches. The result analysis
shows the significant improvement over the signal.
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1. INTRODUCTION

OFDM signals are one of the most used communication
signal that perform the digital communication over the
network. It is been adapted by most of the wireless as well
as optical network to provide reliable, robust and effective
communication over the network. These signals having
some difficulties in generation of large banks of phase lock

Oscillator and receiver in the analog domain. As other
communication mediums, OFDM communication is divided
in two main stages called the transmission section and the
receiving section[1,2]. The transmitter section basically
perform the conversion of the digital data in the
transmission signal as well as map them to the sub carrier
respective to the amplitude and phase settings. The
transformation in this signal form is been done respective to
the spectral representation of data under the time domain by
using Inverse FFT(Fast Fourier Transformation) [3]. To
perform the effective transmission for OFDM signal, the
time domain based signal is estimated and then mixed up
with the required frequency.

The receiver side operation is just reverse to the
transmission side communication. This kind of signal mix
the RF signal to the baseband for the processing. Just after
this the signal analysis is performed on digital data[4]. FFT
is been performed as the complementary function with most
appropriate terms specification to define the effective signal
generation and the receiving[5]. The block diagram of the
OFDM transreciever system is shown in figure 1.

In OFDM systems the communication is performed serially.
Each symbol is defined with group of symbols and for the
transmission the serial to parallel conversion is been
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Fig. 1 Modified Block Diagram of OFDM System
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Performed [5, 6]. The data allocated to each symbol
depends on modulation scheme as well as based on number
of subcarriers. To perform this conversion, different
adaptive modulation schemes are been used. For example,
for a subcarrier modulation of 16-QAM each subcarrier
carries 4 bits of data, and so for a transmission using 100
subcarriers the number of bits per symbol would be 400.
The decision of the modulation and the encoding technique
is required to select to solve out the different
communication issues. The decision also depends on the
number of sub carriers. This modulated data is transmitted
on each sub carrier. The modulation scheme is basically the
mapping to complex number format. Where the real part
represents the phase and the imaginary part represents the
quadrature. Collectively it is called IQ constellation. In this
present work QAM modulation scheme is been used for the
modulation [7, 8].

A OFDM signal consisting number of closely spaced
modulated carriers, when modulation of any form like voice,
data etc. is applied to the carrier then sidebands spread out
either sides. In this case of OFDM the side bands of each
carrier overlap, they can still be received without the
interference that might be expected because they are
orthogonal to each other [9]. Along with this OFDM has
following benefits:

Gives the higher spectral utilization.

Reduces the multipath distortions.

It has lower multipath distortion.

It employs the multimode modulation based on
sub-carriers  which maximize the channel
throughput because of orthoganality principle it
uses.

II. ICI

The presented work is about to reduce the ICI in
OFDM signal. The reciving signal in OFDM system is
represented by equation 1.

Y(k) = X (k)S(0) + i SX(DSU—-k)+n,

120, 1%k
k=0,1,..N-1
)]

Here k is sub carriers for which the reciving signal is
presented

N is number of subcarrier in the system

X (k) is the modulated signal

nk is the additive Gaussian noise

S is the coefficient to represent the signal in
complex form

The major phase of the analysis is the modulation scheme.
During this phase, the mapping of the data is performed on
two sub carriers under the defined coefficient vectors. The
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estimation of these weighted values are required to analyze
the ICI over the signal on two successive sub carriers [10].
The simplest form of this analysis is represented by self
cancellation. The lesser the difference between two
consecutive signals, lesser the ICI will be as well as higher
the efficiency of the signal will be. In this work, kalman
filter based approach is presented to estimate the ICI over
the signal.

The kalam filter approach is the statistical measure
to identify the non linearity over the signal [11]. It basically
estimate the frequency offset in receiving signal as well as
optimization of the signal under the impulse response during
the transmission of signal. The preamble preceding each
frame can thus be utilized as a training sequence for
estimation of the frequency offset imposed on the symbols
in this frame. To present the concept of kalman filter, the
training signal is defined in the time domain and it is been
generated under the baseband analysis and with QAM
modulation. The frequency offset is been defined over the
signal under the frequency shift mechanism. The normalized
frequency offset is been used to normalize the sgianl. The
training sequence without offset is given as
j2mn'e/ N

y(n) =s(n)e +w(n),

2

Here w(n) is the white Gaussian noise

The state space of kalman filter is given as
&n)=€&n-1

e 3

y(n) = e s(n) + w(n) ®
It is observed that the EKF technique offers fast
convergence. The ICI distortion in the following data
symbols can be mitigated by multiplying the received signal
with a complex conjugate of the estimated frequency offset.
The ICI self-cancellation scheme requires that the
transmitted  signals be  constrained such that,

X1)=-X(0),X3=-X2),...X(N-1)=—X(N-2)
Using (3.3), this assignment of transmitted symbols allows

the received signal on subcarriers k and k + 1 to be written
as [6].

Y'(k) = NZ_ZX(I)[S(l—k)—S(l+1—k)]+nk

1=0
I=even

@
Y'(k+1)= Ifxa)[sa —k=1)=S(I-k)]+n,,,

=0
I=even

®)

And the ICI coefficient S° (I-k) is denoted as

S'U-k)y=S(U-k)-S(U+1-k) (6)
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ICI modulation introduces redundancy in the received signal

since each pair of subcarriers transmit only one data symbol.

This redundancy can be exploited to improve the system

power performance, while it surely decreases the bandwidth

efficiency [12]. To take advlzlintage of this redundancy, the
tl

received signal at the (k + 1) sub carrier, where k is even, is
th

subtracted from the k sub carrier. This is expressed
mathematically as

Y'"(k)=Y'(k)=-Y'(k+1) @)

NfX(Z)[—S(z—k—1)+2S(l—k)—S(1—k+1)]+nk —n,,

=0

I=even

®)
Subsequently, the ICI coefficients for this received signal
becomes

S"U-k)=-SU-k-1D+25(-k)-S(U-k+1)

(©))

When compared to the two previous ICI coefficients IS (I-k)l
for the standard OFDM system and IS’ (I-k)| for the ICI
cancelling modulation, IS’ (I-k)| has the smallest ICI
coefficients, for the majority of 1-k values, followed by IS’
(I-k)l and IS (1-k)I.

The equations used in Kalman filter are called as
Time Update and Measurement Update equations as given
below:
Time Update Equations are as follows:

Xk = f(xk—l’uk—l’oj
(10)
B = AkPk—lAkT +Wka—1WkT (11)

Measurement Update Equations are as follows:

K, =P1<_H1<T(HkPk_HkT +VkRkaT)_l

(12)
xi=xx+ K, | z, —h| xx,0

(13)
F, =(I_Kka)P/; (14)

slot based system and the process will be performed on
each slot. The work is about to remove the interference
noise and some other errors from the signal. For this some
external error is included in the form of Noise. The noise
considered here is the Gaussian noise. As in case of data is
transmitted in the form of block so that the serial to parallel
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III. PROPOSED WORK

The presented work is about the detection of ICI over the
signal by using Kalman Filter approach. In this proposed
work, here the error signal is measured by analysing the
BER in transmission and receiving signals:-

1. In the simplest form, the ICI detection is performed
based on power measurement on FFT demodulator.
If the signal is higher than average, it means some
interference is present over the signal. But method
having the drawback of this method is that it will
work if there is strong ICI for weak ICI it will not
work. In case fading selective frequency this
method will not work.

2. To resolve this problem Kalman Filter Improved
interference detection is proposed. According to it
if ICI is not present, magnitude of signal is taken to
resolve the cases of small error over the signal.

3. In the proposed approach, at first the PAPR
reduction is been implemented to improve the
smoothness over the signal i.e. to remove the non
linearity over the signal.

4. After that the averaging of different adjacent
signals is taken to improve the ICI detection
capability.

5. To take, this error reduction, a kalman filter based
approach is been taken for BER analysis over the
signal.

6. A threshold value is been taken to subtract from the
averaging signal to perform the error reduction.

7. A symbol by symbol averaging and mapping filter
is been used to accumulate the OFDM symbols.

8. A non recursive filter is been implemented with
two threshold values, if the average and
accumulated value is large than threshold2 then 1
is taken as the signal value it shows ICI is present.
If value is less than threhsold2. It means no ICI
present and represented by 0.

In this present work at first the OFDM spectrum is define
with the specific parameters. These parameters include the
channel length, block size, frequency offset etc. Under these
all constraint the OFDM signal is generated. As the signal
generated it may have some internal interference noise in it.
This signal is divided in number of sub blocks as the
proposed system is a

conversion is performed. As the blocks are defined each
block defines the number of bits parallel transferred. Now
respective to the subcarrier specification the mapping is
performed using the modulation scheme. The modulation
considered here includes the BPSK, QPSK and the QAM.
While specifying the modulation scheme the numbers of
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combination bits are specified. According these bits the
mapping vector is generated and the effective
communication is performed. Once the modulation is
performed the next work is to convert the signal to the time

IV. SIMULATION & RESULTS

The presented work is implemented in Matlab 7.8
environment and the obtained results from the system are
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domain. For this conversion the fast Inverse fourier
transformation is performed. Once this conversion is
performed now the data is ready for the transmission and
the communication is performed.

given as under. The parameters taken for presenting work
are given as under:-given as under. The parameters taken
for presenting work are given as under:-

COMPARISION OF DIFFEREMNT QAR SYSTEMS, BER vs SMNR
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Figure 2 : Comparison different QAM systems

Figure 2showing the comparative analysis of Different
QAM systems. The analysis is here performed between
Proposed and Existing OFDM systems under different
QAM Modulations. The comparision is here performed for
OFDM 4, 16 and 64. As we can see, the BER for the

Comparision of different OFDM systems at s=0.3
= - - . - -

OFDM using Kalman Filter for QAM 4 is least among all
methods whereas standard OFDM is giving the highest
BER among all methods.
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Figure 3: Comparison of different OFDM systems at e=.3
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Here figure 3 is showing the comparative analysis of
Different OFDM systems. The analysis is here performed
between Existing and Proposed OFDM systems. The
results are obtained for QAMO64 modulation and 4PSK
Modulations. As we can see, the BER for the OFDM using
Kalman Filter under 4PSK is least among all methods
whereas standard OFDM is giving the highest BER.
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