IJSRD - International Journal for Scientific Research & Development| Vol. 1, Issue 8, 2013 | ISSN (online): 2321-0613

Noise Analysis on Indoor Power Line Communication Channel

Avinash Shrotriya1 D. K. Saxena® Juli Kumari Gupta3
'Department of Electronics and Communication Engineering
L3Drona’s College of Management and Technical Education, Dehradun
Dehradun Institute of Technology, Dehradun India

Abstract— The power line communication technology is
now considered as a good alternative for the implementing
communication network. Digital networks can be
established using the same set of wires that is use to
distribute the power signal through the power-line
channel(PLC) because power line networks are excellent
infrastructure for broadband data transmission however
various noise exist due to stochastic change in the network
load impedance. This paper is an attempt to identify
different type of noise in PLC channel and investigate the
performance of indoor channel of PLC system. The noise
seen in the power-line channel varies with frequency, time
and from line to line .in this paper we classify different type
of noises its characteristics and the process to remove it
from power line channel.
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I. INTRODUCTION

Power line communication (PLC) is a term used to identify
technologies, equipment, application and services that allow
user to communicate over existing power line [1]. The most
attractive advantage of this technology is that the power line
network is the most pervasive and accessible network that
reach every power socket in every home. Since the power
line network is already installed there is no need to lay new
cables. Effort to this technology began in 1830[2], when
narrowband application were developed but it was only in
1990s idea of using residential power grid to offer value
added digital communication services become more popular
due to the development of homeplug power line alliances; it
has established specification heading for data rate as high as
200 MBPSJ[3].

Although PLC technology has advantage of
requiring no new wire. The major obstacle is its wide-spread
used in Dbroadband communication which results
electromagnetic interference (EMI) and noise. Noise in PLC
channel is classified into three main categories that are
colored background noise, narrowband noise and impulsive
noise. Colored background noise results from the simulation
of different noise source of low power present in the
network and usually characterized with a PSD decreasing
with frequency [1]. Narrow band noise seems from the
existing from radio broadcasting from long, middle and sort
wave ranges. Impulsive noises generated significant among
the noise type present in PLC networks.

Although some noise model proposal can be found
in literature, there practical value generally varies limited,
because most of them describe bottom up approach
describing the behavior of network. Only the work reported
in [4] present noise model which is based on measurements.
However like the other models mentioned above it restricted
to frequency range below 150 KHz.

In next section review the power line channel model .A
detailed characteristics of different type of noises found in
power lines are describe in section 3.

Il. POWERLINE CHANNEL MODEL

The power line channel model can be considered as a series
of discrete stationary state that need to be understand for
successful PLC. In general power line can be modeled as
time varying frequency selective fading channel with
numerous noise source. More simply the power line transfer
function can be given as [3].
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Where L is the total number of reflecting path, gl is the
complex tap factor for each path, oy and oy are attenuation
factor, d; is the path length v is the velocity of the
propagation.
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Fig. 1: Power Line Network with Distributed Branches
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Fig. 2: Power Line Channel block diagram of Transmitter
and Receiver

I1l. NOISE MODEL

In time domain, the received signal of power line channel is
represented by a standard linear convolution operation that
is in discrete form it is given as [1, 2]
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r(k) = Zg;(} h(l, k)S(k —dn) + Nbackground (k) +
Nnarrowband (k) + nimpulse(k) (3-1)

Where r(k) represents the received signal, s(k) represent
spread spectrum signal to be transmitted, d, and N represent
individual delay for multipath and number of significant
multipath component respectively. Only the work reported
by O. hoojen[4] present the noise model which is based on
measurement are:

A. Colored noise:

It is no stationary noise.it is also known as fluctuation noise
because can rise to considerable levels when certain
appliances are switched on. The model of the model of the
colored noise is similar to the Additive White Gaussian
noise (AWGN)
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Fig. 3: Voltage of noise n(t) (a) white noise (b) coloured
noise

B. Background Noise:

Background noise is caused by assembling of multiple
sources of noise with low power. It represent high level
noise that exponential decay to spectrally flat Gaussian
white noise at approximate 3mhz. in a high frequency limit
it can be assumed as spectrally flat despite of its low
amplitude relevant in PLC due to significant signal
attenuation experience in channel [1,7]. It can be described
by a PSD [7, 10]

f
sn(f3 No, Ny, f1) = No + Ny - e(_ﬁ) (3.2)
Where Nq is the constant noise power density, N;and f is the
parameter of exponential function.
To model the background noise characteristics in
PLC channel long term measurement were carry out from
1-30Mhz.the probability distribution of time domain noise
amplitude resemble Nakagami-m distribution function[7]
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Where r is the random variable , p is the probability of
corresponding random variable I'(m) is the gamma function,
©Q is the mean power of random variable and m is the
shaping parameter of the Nakagami- m distributed random
variable n=n;+j-n,. While Q=E {r?} denote the
power of the same. The argument 6 = tan™?! (?) is also
random and distributed randomly over a complex phase
plane 6 — U(—m, ) It is well known that if m=1 Nakagami-
m PDF reduce to Rayleigh PDF

Fn(r) =

R =2 () (3.4)

C. Narrowband noise:

It is source by external RF pickup of numerous radio
systems. In the discrete sampling space narrowband noise
can be modeled as the output of the band pass filter driven
by white Gaussian noise. It can be expressed as [8]

Ny = Yomve1 (W (k) - sin(2rfk + 6)) (3.5)

Where N is the number of wave at different frequency f, W
is amplitude and phase 6 is randomly established from
interval [0,211]. It is found that n,, is 30dB greater power
level than 1Mhz. there for this type of noise can be a source
of degradation.

D. Impulsive Noise:

Non stationary noise is represented as impulsive noise.
Impulsive noise is generated from connected electric
appliances. It cause bit or burst error in the data
transmission. Middleton’s class ‘A’ noise model is one of
the appropriate model for impulsive noise environment []. It
can be classified into three group according to three group
according to their behavior w.r.t main cycle [9]

1) Periodic Synchronous with main
2) Periodic asynchronous with main
3) Aperiodic

Periodic synchronous with the main is a cyclostationary
noise synchronous with the main and with a frequency of
50Hz/100Hz. It is commonly originated by silicon
controlled rectifier (SCR) in power supply. Periodic
asynchronous with the main has been traditionally
considered to be formed by a periodic impulse with rate
between 50Khz and 200Khz,in addition to its high repetition
frequency this noise type also exhibits lower periodicity
equal to the main and so, it can also be categorized as
cyclostationary noise. Aperiodic impulse noise has a
sporadic nature mainly due to transient cause by the
connection and disconnection of electric devices.

This noise may cause bit or burst error in data
transmission. Middleton class ‘A’ noise model is one of the
appropriate model for impulsive noise environment [10, 11,
12, and 13].

Based on the model the combination of impulsive
noise and background noise is a sequence of i.i.d complex
random variable with the probability density function(PDF)
of class ‘A’ noise given by [13]
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where m is the number of impulsive noise sources and is
characterized by Poisson distribution with mean parameter
A called impulse index(which is the product of the average
rate of impulsive noise and mean duration of typical
impulsive)[13] .I' is the Gauss impulse power ratio(GIR)
which represent the ratio between the variance of Gaussian
noise component o,” and the variance of impulsive
component 6,,”.the variance of noise o, is given in [14].

log, ,(BER)

-20 -10 0 10 20
SNR (dB)
Fig. 2: PLC Performance in a noise limited channel

IV. CHANNEL CODING TECHNIQUE

The impulsive noise and frequency selective behavior of
power line networks cause burst noise which hampers high
speed communication. To overcome burst noise interleaved
coding has been adopted. These include interleaved block
code and interleaved convolution code. Recently low
density parity check (LDPC) codes were proposed [7]. In
few paper concatenated Reed Solomon codes (RS) and
interleaved vertebri channel coding used due to its
effectiveness of burst error correction[16][17][18].

These concatenated coding scheme consist of an
outer block code over GF(2®) and inner binary convolution
code. Assuming Interleaving between vertebri decoder and
Reed soloman decoder is sufficiently long to breakup long
burst of error out of the decoder , the Reed soloman symbol
error Probability (ps ) for symbol in GF(2%) can be upper
bounded by simple union bound as in eq".

PB <= Bpb (4.1)

Where parameter p’y, is the probability ever of the output of
the Viterbi decoder which can be expressed by eq" [19][20].

P, <R, Z?:df,ee ByP,(d) (4.2)

The parameter dgee and R, are the free distance of
convolution code and code Rate and B is total number of bit
error that occur in All of the incorrect path in their end
differ from the correct path in exactly “d” position. The total
error probability of the RS code Account for decoder failure
probability or decoder error probability is given by eq"

By = (%) Yi(ny)ps' - (1 —pg)2D (4.3)

V. CONCLUSION

In this paper, an innovative approach is applied to impulsive
noises which are studied directly at their sources. Measuring
Noise at the source led us to analyse much less noises
compared to noise measurements at the receiver side, and to
establish a correction with effective in device noise
generators Characterizing noise at source had made it
possible to propose an impulsive noise model for each
electrical device. And a random generator of impulsive
noise at receiver was also proposed. A model for PLC
channel based on the time-variant linear-filter channel. The
additive noise on the channel was shown to be collection of
four noise types these are spectrally flat noise with a power-
spectral density that decreases for increasing frequency,
colored noise, background noise, narrowband noise and
Impulsive noise. This paper also attempts to find a channel

coding technique suitable for indoor power line
communication channel.
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