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Abstract

The technique of equalization to compensate for dffect of the channel which causes distortior
transmitted signal. Different kinds of equalizers ased depending upon the application of the systed upon th:
kind of communication channel. The ject aims at studying of ZF equalizer in handlihg tSI effect in Rayleig!
channel environment. The purpose of equalizatictesy is to compensate for transmis-channel distortion suc
as signal affected as frequency depended phases amlitude denuation .Besides correcting for chan
frequencyresponse anomalies, The equalizer can cancel fhetefof multipath signal components. They r
require significantly longer filter spans than slenppectral equalizers, but the principles of ofjien are essentially

the same.
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Introduction

In the design of large and complex dig
systems, it is often necessary to have one dt
communicate digital information to and from otl
device .One advantage of digital information ist tib:
tends to be far more resistant to transmitted
interrupted errors than information symbolized in
analog medium. This accounts for the clarity
digitally encoded telephone, compact audio dislds
for much of the enthusiasm in the enginee
community for digital communication technolog
However Digital communication has its ov
unique pitfalls and there of different a
incompatible ways in which it can be seTheir
main paths of the Telecommunication system
Transmitter ,Receiver ,channel .Our main focus
be imparted to the receiver in this section ca
equalizer. The equalizer is used to estimate
transmitted bits/symbol in such a way that
eliminatesthe effect of channel. The Zero forci
equalizer is used in this context. Main objective
ZF equalizer is to compensate the effect of ISI
unlike MMSE is useful in mitigating the ISI effe
rather than induced noise in the signal. .Compai
of usig ZF algorithm as equalizer will be do
against using a simple algorithm for equaliza:

Equalization

There are a number of procedures presente
counter the outcome of Multipart promulgatit
Space diversity, frequency diversity chan
equalizatio and amplitude equalization are the
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commonly used. Among these ,space diversity
frequency diversity need a bandwidth overh
,which is not eagerly obtainable in nearly all coomr
classification .In analogue broadcasting syst
,these signalidersity procedures were used and h
been modified to digital systems without &
difficulty that go through extremely discerni
interference.
Linear Equalization

A renowned receiver system for mitigati
Intersymbol Interference (ISI) is the line
equalization .Least squares error cost functior
mean square error cost functions are ust
minimized for the computation of linear equaliz
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Fig: The presence of additive noise in Lin
equalization of an FIR channel

We can calculate the zeforcing equalizer , if we
identify the noise first order and second ot
statistics and channel impulse response and tha.
A supposition that will be used all over this effe
that the input is self sufficient and identica
disseminated, aomg unit variance and zero me
and noise is white Gaussian therefore the recij
can utilize this information.
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Decision feedback Equalization

Decision feedback equalizers use an FIR
filter in the feed forward path ,like an linear
equalization, a DFE utilizes a reaction filter witie
intention of feedback preceding conclusion and
utilize them to minimize ISl .1t is observed froimet
figure that input to the feedback filter approaches
from the production of the decision device,

O
symbolized bys(i —A)
The objectives of this device is to plot the

O
estimator s(i - 4) which is achieavable by joining
the productivity of the feed-forward filter and
feedback filter, to the continuous position in the
symbol collection .Now in linear equalization ,the
feed-forward filter decreases ISI by endeavouting

strength the collective schemg(Z)F(Z) to be
C(29F(2)=z"

nearby to

] ¥ wie) #i=-4a) r i = A)
S S e =1
i )

Fig: A feed-forward filter, a feedback filter and a
decision devicein a decision feedback equalizer

Zero Forcing Algorithms

In first insight let us consider different
parameters used in Zero forcing equalization .Let

He (2) be the equalizing circuit filter. The LTI filter

with transfer function|_| E (Z) is considered to be the
ZF equalizer. The only way to the ISl is to choose

H E(Z) such that the output of equalizer gives back
the estimated output., i.e.l,k =1y for all k. The
filter transfer function needs to be specified sthet

it becomes the multiplicative inverse of the chelnn

H.(2)= }/
response G(z) i.e., e(2) G(2) This method
is what we call the Zero-Forcing equalization as th
ISI component is forced to Zero. It must be noteat t

the impulse response Bk need to be an infinite

length sequence. To see this, let us evaluate the
signal-to-noise ratio at the output of the zeraifoy

equalizer when the transmission filter T( )IS
fixed and the matched filter is used as the rengivi
filter, i.e.,
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Ho(D)=HI(DH(D)

In this case , it is easy to see that the digifedrf

H(2)
HT(f—EJHC[f—E)
T T

( 2 and the PSD of the

is given by
2

00

)

n=-—co

H (ejzzﬂ):%

colored Gaussian noise

Mis given by
samples

2

o e)-2% 5

(B

Hy (2)

(3)

Hence, the noise-whitening filter can be
chosen as
i 1
Hy (&'77) = ——nr
H (e]2rﬂ)
(4) ~
My

And then the PSD of the whitened-noise samples

N%
is simply 2 As a result, the overall digital filter
G(2)

G(eJZﬂT) —_ H (e]ZIﬂ')HW(e]ZdT) [H (eJZﬂT
(5)
Now, we choose the zero forcing filter .

Since the zero forcing filter simply inverts thigeet
of the channel on the original information symbols

a

k, the signal component at its output should be

exactly e Af we model the Ikas iid random
variables with zero mean and unit variance ,then th
PSD of the signal component is 1and hence thelsigha

energy at the output of equalizer is just
I}/ZT df -
Yor T on the other hand ,the PSD of the

noise component at the output of the equalizer is

&‘HE(eJZ’”)‘Z
2 .hence the noise energy at the
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J%T _‘H ( ]Zlﬂ—)‘ df
equalizer output is Yar
.defining the SNR as the ratio of the signal enday
the noise energy ,we have
27t B
] df

= (7]

Notice that the SNR depends on the folded spectrum

of the signal component at the input of the reaeiife
there is a certain region in the folded spectwith
very small magnitude, then the SNR can be very poor
Rayleigh Fading M odel

Rayleigh fading is caused due to the multipath
reception of signals. The mobile receiver tends to
receive a large amount of Scattered and reflected
signals. As due to the wave cancellation, the ngvin
received antenna see the instantaneous powerao be
random variable, which depends upon the locatfon o
the received antenna.let us consider a transmitted
wave with the centre frequency.the wave may
reaches to the receiver with m different channel
paths.The received signal consists of sum of m

different components in addition with Gaussian

distributed noise as given:
r(t)= Xa cos(2Mft+g)+z(1)
i=1

Where
3 :Amplitude of the transmitted signal
fC :Centre frequency of transmitted signal.

(pi:Respective phase shift that is incurred by the
respective channel path.
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4 (t) : Gaussian distributed noise.
From above, it is obvious that Rayleigh fading is
caused due to the multipath reception of signals.

Rican Fading M odel

When there is at-least one direct path between
transmitter and receiver system, then the received
signal follows the random characteristics of the
Rician fading model.the example of Rician fading in
wireless communication are that of a satellite and
cellular mobile communication channels. Rician
fading model case arises when there is no obsiacle
the direct path between the transmitter and receive

Simulation Result

The simulation of the project is comprised
of a number of comparisons. We have compared the
effect of received signal by applying the zero iogc
equalizer with and without the effect of ISI .The
analytical result of the Rayleigh-faded channel and
AWGN (Additive white Gaussian noise) are also
compared with the simulated results.

In first scene, we will look towards the
effect of ISI on the received signal with some rois
without applying the ZF equalizer at receiver. The
graph obtained in this case is shown below:

BER comparison without ZF under 151
T T

T T
Rayleigh simulation without ZF

—4— AWGN analytical
—+— Rayleigh analytical

Bit Error Rate (BER)

10

L L I I I
0 5 10 15 20 25 30
Signal to noise ratio (SNR),dB

Fig: BER comparison without applying the ZF
equalizer under the effect of 1Sl

In second scene, we will look towards the
effect of ISI on the received Signal with some rois
with using ZF equalizer at receiver. The graph
obtained in this case is shown below:
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o BER comparison with ZF under IS|

—+— AWGN analytical
—#— Rayleigh analytical
Rayleigh simulation with ZF

Bit Error Rate (BER)
=

. L . L .
0 5 10 15 20 25 30
Signal to noise ratio (SNR).dB

Fig: BER comparison using ZF equalizer under the
effect of IS].

If we combine both of the above mentioned
graphs, we see that by applying the ZF equalizer th
BER v/s SNR result is better than without applying
the same equalizer.

For creating the effect of ISI in received
signal while using MATLAB tool, we apply a filter
which is freq (frequency) cut. The frequency cut is
designed in such a way that if increases its vahee,
ISI effect decreases. Let us first consider case in
which the value of freq cut is 50. The graph shows
the effect of BER v/s SNR for freq cut=50.

. BER comparisan at freq cut=50 under IS

Rayleigh simulation without ZF
—+— AWGN analytical
—+— Rayleigh analytical

Rayleigh simulation with ZF

Bit Error Rate (BER)
=

0 é 1‘0 1‘5 Qb 2‘5 30
Signal to noise ratio (SNR).dB
Fig: BER comparison by setting the ISl co-efficient
freq cut=50

Now let us consider the second case in
which the value of co-efficient freq cut=100. Ti& |
effect decreased. The graph shows the effect of ISI
on the received signal at freq cut=100
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o BER comparison at freq cut=100 under ISI

Rayleigh simulation without ZF
—+— AWGN analytical
—#— Rayleigh analytical

Rayleigh simulation with ZF

Bit Error Rate (BER)
=

0 é IIU 1‘5 2‘[] 2‘5 30
Signal to noise ratio (SNR),dB
Fig: Effect comparison by setting the ISl co-efficient
freq cut=100

If the value of ISI coefficient is further
increased to freq cut=200, we can see that theteffe
of ISl is further decreased.

The graph shows the effect of ISI on the
received signal for freq cut=200

0 BER comparison at freq cut=200 under ISI

Rayleigh simulation without ZF
—+— AWGN analytical
—#— Rayleigh analytical

Rayleigh simulation with ZF

Bit Error Rate (BER)
=

L L L I .
0 5 10 18 20 25 30
Signal to noise ratio (SNR).dB

Fig: BER comparison by setting the ISl co-efficient
freg cut=200.

The above results of all the figures shows us
that graph of BER v/s SNR for both the cases(with
and without applying ZF effect) shows the same
result at the zero ISI effect. From this theoryhais
been concluded that the ISI affects the bit-erade-r
just like the noise .and the zero-forcing equalizer
much useful for mitigating the effect of the bitar
rate introduced by ISI. The other equalizers like
MMSE and RLS etc do not usually eliminate the ISI
effect completely but instead minimizes the total
power of noise

Conclusion

From the above mentioned simulations, we
can conclude that the effect of ISI can be
decreased(mitigated) using a specialized equalizing
technique called Zero-forcing. The above Figures
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shows that the effect of ISI causes an increadgitof
error Rate. By applying the Zero-Forcing equalizer,
the bit error rate is decreased.
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