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Abstract

The process of communication becomes quite chatigrmpcause of the unwanted electrical signals @@amunications system.
These undesirable signals, usually termed as naigerandom in nature and interfere with the messsignals. As a result the
signal which is collected from receiver side is moturate level .In this respects, filtering ofrsd)is very important because
noisy signal can mask some important featuresefitassage signal. Hence it is desirable to redhisabise for proper analysis
of the message signal. The signal to noise ratMR)Ss one of the important measures for redudmggrioise. This paper presents
the study of low pass FIR filter using a new windteehniques for signal Processing. The newly desigwindowing
filterpresents a new concept for better signal e and disturbance detection in the communicasigstems.The parameters

i.e. Power Spectral Density (PSD), signal to no&#o (SNR), Error Vector Magnitude (EVM) & Figuoé Merit are calculated
of original signal and analysis the performance refw proposed window method used for low pass Ht&.fiThis new
windowing filter finds applications in signal analg, communication system and image compressitnandt of other fields.The

results have been concluded using MATLAB R201 @/t

Index Terms:Window method for Noise reduction, Figure of MeBiyR, EVM, New window performance

1.INTRODUCTION

A signal as referred to in communication systenignad
processing, and electrical engineering "is a fuamctthat
conveys information about the behaviour or attelsubf
some phenomenon” [1]. In the physical world, angrdity
exhibiting variation in time or variation in spacs
potentially a signal that might provide informatiom the
status of a physical system, or convey a messatyecbp
observers, among other possibilities [2]. The infation in
a signal is usually accompanied by noise.

The term noise usually means an undesirable random
disturbance, but is often extended to include uregn
signals conflicting with the desired signal. Thesevanted
signals arise from a variety of sources which may b
considered in one of two main categories:-

a) Interference, usually from a human source
b) Naturally occurring random noise.

Interference arises for example, from other comication
systems (cross talk), 50 Hz supplies and harmonics,
switched mode power supplies, thyristor circuiggijtion

(car spark plugs) motors etc. Naturally occurringeenal
noise sources include atmosphere disturbance €kgtric
storms, lighting, ionospheric effect etc), so all&Sky
Noise’ or Cosmic noise which includes noise froatagy,
solar noise and ‘hot spot’ due to oxygen and wsgrour
resonance in the earth’s atmosphere. These sowaes
seriously affect all forms of radio transmissiondathe
design of a radio system (i.e. radio, TV, satéllitaust take
these into account.In recent years, several methufds
filtering techniques are used for noise reduction.

In this paper, we have designed a new window teglendf
FIR low pass filter for the improvement of SNR. both
digital filter design and spectral estimation, thwice of a
windowing function can play an important role in
determining the quality of overall results. The mable of
the window [4],[12] is to damp out the effects b&tGibbs
phenomenon that results from truncation of an itdin
series.

2. NEW WINDOW FUNCTION

In this section new window function is presentet.isl
defined as [3],[4]
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2mn 4mn P + LPF using oP
w(n) =0.58 — 0.66 cos— + 0.088 cos _— Signal ot o
forn=0toN-1 - (1)
+
The new window sequence for N= 63 &it's frequency Random moise

response are presented in Fig.1 & 2 respectiveth thie

help of MATLAB 2012 software. Fig -3: Block diagram of signal transmission

To check the performance of this new window metho,

Proposed Window Response

Normalized frequency (w/pi) 0.5

14 ; ; : : , signal i.e. noisy sinusoidal signal & filtered sins taken
: : : B [5]. The simulation is done in MATLAB 2012 software
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3. CASE STUDY o oo
It is seen that the noise in communication systisnmsostly Fig.5: Random noise signal
additive and affects the transmission of signabdbgh a

channel. The objective of this paper is to remokes t
random noise from the communication system & predac
better result. Now from this point of view a newndow

method is designed for filtering purpose to get ensignal

power than noise power at the output.In this saattmdom

noise is added to a sinusoidal signal and therepassough

a FIR low pass filter using new window function wihiis

shown in Fig.3.

Input signal i.e. sinusoidal & random noise sigisathown
in Fig.4 & 5 respectively.When this two signalsaidded it
becomes noisy & the characteristics of the sinwoid
distorted. In general, a high "signal-to-noised’atit the
output is achieved by passing the noisy signal utjinoa
filter.
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Original Signal,Noisy Signal & Filtered Signal
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Fig.6: Comparative analysis of original, noisy & filtere
signals

From Fig.6 it is seen that due to filtering proctss noise is
almost reduced & the filtered output is within dedilevel.
The value which is collected from this simulati@sult is
shown in Table.1

Table.1: Comparative Study of Signals

Parameters | Noisy Sinusoidal| Filtered
Signal Signal

(I/P) (O/P)

SNR (dB) 4.658 6.942
EVM (%) 58.49 44,97

From Table.1 it is clear that the value of filteatput SNR

is increased compared to noisy signal SNR whereas e
vector magnitude (EVM) is decreased. Mathematically
EVM is expressed as [6]:

_ 1
EVM = —— X 100%----------- )

Generally, if SNR increases by a factor of N, théME

reduces byN, thus leading to more reliable performance of
filter.

3.2 Figure of Merit

To get a quantitative measure on how well a giyestesn is
"really" doing we have calculated the figure of itees a
ratio of signal-to-noise ratio [7] as follows:

(SNR)o

Figure of Merit = (SNE);

----------- ®)

Where, (SNRJ13] is the ratio of the average signal power
over the average noise power at the output of iter f

&(SNR)is the ratio of the average signal power over the
average power of the noise at the input of filteor a
system to be capable of detecting a signal ancteféein
eliminating noise, it's figure of merit should bayh. In this
section figure of merit is equal to 1.49, whichcaculated
using equation(3).

3.3 Power Spectral Density(PSD)

Power spectral density function (PSD) [8] shows the
strength of the variations(energy) as a functiofrequency.

In other words, it shows at which frequencies \tames are
strong and at which frequencies variations are wB8D is

a very useful tool to identify oscillatory signdt®m time
series data and to know their amplitude. The unednt
vibrations can be detected from PSD of a signal.

The PSD of noisy signal & filtered signal using MIAAB
simulation[9] is shown in Fig.7.
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Fig.7: PSD of noisy signal & filtered signal

From Fig.7 it is seen that only at 100 Hz the paswiplitude
is high, both for noisy & filtered signal. On théher hand
there is no peak at the other frequencies. Soighise peak
of original signal. Here it is also clear that, laigher
frequency (more than 100 Hz) ripples are negligifde
filtered signal compared to noisy signal.

4. APPLICATION OF NEW WINDOW IN
COMMUNICATION SYSTEM

Filters are widely employed in signal processingd an
communication systems in applications such as dalann
equalization, noise reduction, radar, audio prangsyideo
processing, biomedical signal processing, and aimlgf
economic and financial data [10]. The primary fimes of
filters are one of the followings:

(a) To confine a signal into a prescribed frequebagd as
in low-pass, high-pass, and band-pass filters.

(b) To modify the frequency spectrum of a signalia
telephone channel equalization and audio graphieleprs.
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(c) To model the input-output relationship of ateys such
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Table.2: Comparative study of noisy signal & filtered signal

Parameters Noisy Filtered
Modulated Demodulated
Signal Signal
(I/P) (O/P)
SNR (dB) 10.109 17.716
EVM (%) 31.23 13.01

Here also to check the performance of the new windo
function we have calculated the figure of merit (FQusing
equation(3).

(SNR)o

GNR) 1.75

Figure of Merit =

FOM as defined above provides a normalized (SNR)
performance of the modulation-demodulation scheameb
larger the value of FOM, better is the performant¢he
communication system[11] for noise reduction.

4.2 Performance Analysis

Comparing Fig.9 ,12 and 13 it is seen that filteseghal is
more similar to original signal. The filtered signkas
almost same nature like message (original) sigredrev as
in case of demodulated signal, the features ofraigignal
is distorted somewhere due to random noise. Ti®dion
is removed through FIR low pass filter using newndaw
function (equ.1).

Thus it is proved that this new window method igadle
for FIR filter design. Instead of commonly used aomv like
rectangular, hamming, blackman etc. the new windamw
be used for any FIR filter design.

5. CONCLUSION

Now-a-days, noises are common in communication rodlan
and the recovery of the transmitted signals frone th
communication path without any noise is considexgdne
of the difficult tasks. Various denoising technicheese been
proposed till date for the removal of noises frolre t
transmitted signals. Yet, the effectiveness of ¢hos
techniques remains an issue. In this paper a newlom
filter is presented at receiver side for the imgmment of
SNR and reduction of noise in communication system.

There are several parameters that evaluate thee nois
performance of any communication system.The first
parameter that gives the idea about the efficiesfcyhe
system in detecting a signal from a background endss
SNR. The higher value of output SNR than input SNR
significantly verified the better performance ofaneindow
filter. The second parameter that evaluates thehiéty of

receiver is error vector magnitude (EVM).The neprapach
reduces the EVM at receiver output means more hielia
system performance in term of noise reduction. T
parameter that gives the idea about the capahifityoise
elimination at receiver of the communication systém
figure of merit (FOM). For an ideal receiver systéigure
of merit should be greater than or equal to uditgre it is
seen that figure of merit for filtered signal isegter than
unity. Thus the improvement of performance for treaw
window filter at receiver was experimentally vesdi
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