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Abstract 

Performance improvement of a power line communication system is presented here considering the noise as a 
cyclostationary non-white Gaussian random process. Performance of a power line communication system is 
severely deteriorated by fading and multipath effect. The impulsive noise has been considered time variant, has 
short duration, random occurrence with a high power spectral density (PSD). It causes bit error in the signal. 
Using orthogonal frequency division multiplexing (OFDM) technique, the effect of impulsive noise and fading 
can be improved greatly. An analytic approach is presented to evaluate the performance of a power line 
communication link in the presence of the above limitations. The simulation results show that there is 
deterioration in system BER due to time and frequency dependence of noise and the degradation is found to be 
significant at higher bit rates and bandwidth. The system suffers penalty in receiver sensitivity due to non-white 
nature of the noise process. In this paper, an analytical approach using diversity reception is carried out to 
examine the performance improvement of a power line channel in fading and impulsive noise. The system bit 
error rate (BER) is compared numerically for both binary phase shift keying (BPSK) and OFDM system. The 
BER results show that there is significant improvement in OFDM. Also the performance is remarkably upgraded 
using diversity reception. 

Keywords: cyclostationary noise, attenuation, PDF (probability density function), white noise, interference, 
variance 

1. Introduction 

The main source of Power-line noise is caused by Electric appliances connected to the line (Janse, 2008; Ma, So, 
& Gunawan, 2005; Ezio, 2006). Essentially, the power-lines or associated hardware improperly generate 
unwanted radio signals that override or compete with desired radio signals. Power-line noise can impact radio 
and television reception - including cable TV head-end pick-up and Internet service. Disruption of radio 
communications, such as amateur radio, can also occur (Massaki, 2001). Loss of critical communications, such 
as police, fire, military and other similar users of the radio spectrum can result in even more serious 
consequences. Virtually all power-line noise, originating from utility company equipment, is caused by a spark 
or arcing across some power-line related hardware (Janse, 2008; Tachikawa, Hokari, & Marubayashi, 1989). 

During the last two decades several research works has been reported on the modeling and characterization of 
power line noise (Article from john nosotti.doc, 2004). Noise in a power line results due to the effect of corona, 
impulse voltages, electric arc between the lines, and affect the communication link severely (Voglgsang, 
Langguth, Koerner, Steckenbiller, & Krnorr, 2000). The nature of power line noise is found to be a non-white 
cyclostationary process (Masaaki, Takaya, & Hiraku, 2006). The modeling and simulation of PLC system using 
several types of noise are also reported (Zimmermann & Dostert, 2002; Meng, Guan, & Chen, 2005; Katayama, 
Itou, Yamazato, & Ogawa, 2005; Hooijen, 1997). 

In a Power-line, the bit error rate (BER) performance of a communication link impaired by power line noises. 
These noises consist of stationary background noise and time variant impulsive noise. Impulsive noise appears as 
Poisson distribution. The multipath delay spread is a time dispersion characteristics of the channel. The signal is 
made up of the sum of many signals, each traveling over a separate path. Since these path lengths are not the 



www.cc

Publish

same, 
transm
variatio

The im
commu
sub-str
multi-p
noise, s

Signal 
by dive
signals
the sam
strengt
simulta
analyti
of impu

We hav
impaire
(Tachik
commu
propos
the per

2. Ana

2.1 Sys

The bl
shown 
from th
with no
modula

 

 

2.2 The

Noise i

the am
cyclost
mains. 
given b

csenet.org/nct  

hed by Canadian

the informatio
mitting station a

ons in signal a

mpulsive noise
unication (PLC
reams. The lo
path channel. O
since it can spr

degradation in
ersity techniqu
s is received th
me informatio
ths. The chan
aneously are g
cal approach t
ulsive noise an

ve presented a
ed by power 
kawa & Taku
unication cons
e that in a PLC

rformance is re

alysis of Non-w

stem Model 

lock diagram 
in fig.1. The 

he substation t
oise from the 
ation and cohe

eoretical Analy

in a power line

mplitude distri
tationary addit
With this assu

by, 

             

n Center of Scien

on carried on
and the receivi

as these multipa

e and multi-p
C) performanc

ong symbol du
OFDM may p
read the impul

n a power line 
ue (Tanaka & 
hrough a numb
on are receive
nces that all 
greatly reduce
to find the bit e
nd fading with

an analytical ap
line noise wh

uma, 2010). In
sidering the P
C environment
emarkably upg

white Additive

of the power 
digital data fr

to a central co
power line an

erent demodula

F

ysis 

e has a periodi

ibution can b
tive Gaussian n
umption, the pr

Network and C

nce and Educati

n a PLC chan
ing station. Fu
ath signals are

path effects ar
ce. OFDM se
uration time m

perform better 
lsive noise ove

communicatio
Someya, 1986

ber of separate
ed over multip

the independ
ed (Daisuke,
error rate (BER

h diversity in re

pproach to find
hich is consid
n this paper, 

PLC noise to b
t, firstly the BE

graded using di

e Gaussian No

line communi
from the intell
ontrol station 
nd is received
ation at the rec

Figure1. Powe

c feature with 

be assumed a
noise whose m
robability dens

Communication 

ion 

nnel experienc
urthermore, the
e added constru

re the main f
eparate overal
makes OFDM
than single ca

er multiple sym

on due to mult
6). The basic c
e channels. Wh
ple channels t
dently faded s

Hideyuki, &
R) performanc
eception using 

d the bit error 
dered as non-
we have inve
be a non-whit
ER performanc
iversity recepti

oise 

ication system
igent electron
through a wir

d by the receiv
ceiver. The sys

er line commun

frequency
acT

2

as Gaussian. 
mean is zero an

sity function (P

Technologies  

ces a spread 
e same multip
uctively and de

factors consid
l transmitted 

M perform bet
arrier when the
mbols due to in

tipath fading, t
concept of div
hen several nu
that exhibit in
signal compon
Yoshiteru, 20

ce of a Power L
multiple recei

rate (BER) pe
-white additive
estigated the B
te additive Ga
ce can be impr
ion. 

m for diversity
ics device (IE
eless link. The

ver along with
tem model is s

nication netwo

c

; where 
acT

Therefore, po
nd the variance
PDF) of cyclo

           V

in delay as i
ath environme
estructively at 

ered for degr
data in many

tter than sing
e channel is in
nverse fast Fou

time dispersion
ersity is that e

umber of indiv
ndependent fad
nents experie

006). In this p
Line Commun
iving antennas

erformance of 
e Gaussian cy
BER perform
aussian cyclos
roved by using

y reception use
ED) are multip
e signal transm

h channel nois
shown in Figur

ork 

 is the period 

ower line noi
e is synchronou
stationary add

Vol. 1, No. 1; Jun

it travels betw
ent causes seve
the receiving 

rading the pow
y parallel inde
gle carrier sch
nterfered by im
urier transform

n etc. can be ov
each of the tran
idual channel
ding with com
nce the same
paper, we pro

nication in the p
s. 

f a communica
yclostationary 

mance in a pow
stationary proc
g OFDM and s

ed for this an
plexed and tran
mitted is accom
e. We conside
re 1. 

 

of AC mains. 

se is assume
us to the AC vo
ditive Gaussian

ne 2012 

27

ween the 
ere local 
antenna.  

wer line 
ependent 
heme for 
mpulsive 

m (IFFT). 

vercome 
nsmitted 
carrying 

mparable 
e fading 
ovide an 
presence 

ation link 
process 

wer line 
cess. We 
secondly, 

nalysis is 
nsmitted 
mpanied 
er BPSK 

Hence 

ed to be 
oltage of 

n noise is 



www.ccsenet.org/nct               Network and Communication Technologies             Vol. 1, No. 1; June 2012 

                                                          ISSN 1927-064X   E-ISSN 1927-0658 28

 
2

22

1 ( )
( ( )) exp

22

n t
P n t

tt 

 
  

  
 (1) 
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In this Equation 2 2( ) [ ( )]t E t    is the instantaneous noise variance. 

Since the variance )(2 t is a periodic function of the frequency
2

acT
, the PDF is also a periodic function. Such 

that ( ( )) ( ( ))
2
ac

s s
T

P n iT P n iT j   for any integer j. 

This is an important relation because the time dependent or non stationary features of noise are represent 
mathematically in the closed form of PDF. 

Let the received signal is given by, 

r(t) = s(t) + n(t) 

s(t) = signal component 

n(t) = noise component 

Let us assume that the power of signal is constant for a short duration   00 ttt , so the reference signal 
for this time duration can be expressed as: 

 ( ) 2 cos(2 )S CS t P f t    (3) 

The power PS can be calculated as, 
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The signal is processed in a narrow band with band-pass and band-rejection filters of centre frequency
Cf . 

2.3 Cyclostationary Noise 

A cyclostationary additive Gaussian noise whose mean is zero and variance is synchronous to the AC voltage of 
the mains the PDF of such noise at the instance t = iTs can be expressed as, 
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Here, 

 2 2( ) [ ( )]t E t    (6) 

equals instantaneous variance of the noise and E(.) equals ensemble average. 

Based on the assumption that 2 ( )t  is a periodic function the ensemble average is replaced by the average 

instantaneous power of the normalized waveform taken at every 
2
acT

. Then for 0
2
ac

S
T

iT  , we have 

instantaneous power (variance) of ( )t  as, 
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In a cyclostationary noise characteristics 
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Now, this function can be approximated a sample function with a small number of parameters. For this purpose 
the model employs the following periodic function to approximate )(2 t , 

as such 
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Here, l = 0, 1, 2 ..... (L-1) 

Al, l  and nl denotes the characteristics of the noise. 

By Fourier series expansion we get, 
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Pn = Mean of the variance within a bit period = σ2 
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2.4 Ber Calculation 
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2BER( i ) 0.5erfc SNR( i )  (22) 

3. Effect of Non-white Gaussian Noise 

In preceding sections, a simple method of representing the performance of a power line communication link in 
the presence of the noise in broadband and narrow band communication channel has been demonstrated. The 
main purpose of this demonstration is to find out the BER in the presence of non-white additive Gaussian noise. 
In this work, we have proposed a model for BER for both frequency dependent and frequency independent cases, 
which cannot be represented by conventional models. It can be a useful tool for the performance evaluation of 
Power Line Communication (PLC). It can be used as a tool for the design and evaluation of power line 
communication system, and also as a powerful mean for the studies in interference and fading environment of 
the noise in power lines. 

4. Diversity Reception 

So far, we have analyzed the BER performance of a power line system in the presence of non-white additive 
Gaussian noises. So, the transmitted signal traveling in the channel is subjected to this impulsive noise, fading, 
time dispersion, and other degradations. To overcome all those impairments and improve signal quality, we 
propose diversity reception technique. In diversity technique the receiver has more than one version of the 
transmitted signal is received through a distinct channel. When several version of the signal, carrying the same 
information are received over multiple channels that exhibit independent fading with comparable strengths, the 
chances that all the independently faded signal components experience the same fading simultaneously can be 
greatly reduced. 

5. Signal Combining for Diversity Reception 

Diversity techniques can increase the system capacity and improve communication reliability (Tachikawa & 
Takuma, 2010). By transmitting and receiving multiple copies of data, a MIMO system can effectively combat 
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x
  is the transmitted energy signal. Solving the above expression by taking the derivation with respect to iw

provides maximum combining values. In other words, each branch is multiplied with its signal-to-noise ratio. 
The resulting SNR can be written as 
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When adding up the branches of SNR, the total SNR will be accomplished. 

6. Analysis of Impulsive Noise 

As mentioned earlier, PLC noise can be termed as background noise and impulsive noise. The background noise 
is assumed to be additive white Gaussian noise (AWGN) with zero mean and variance w

2 . The arrival of 
impulsive noise follows a Poisson process (Massaki, 2001) with a rate of λ units per second, so that the event of 
k arrivals in t seconds has the probability distribution (Tachikawa, Hokari, & Marubayashi, 1989), 

 t k
kP e ( t ) / k ! k 0,1,2.....    (26) 

The duration time of the impulsive noise Tnoise and time period is T. Pi is defined as the total average occurrence 
of the impulsive noise duration in time T and P0 is the average duration without impulsive noise in time T, in 
which duration only AWGN is present (Massaki, 2001). From (1), 
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At higher value of k, 
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6.1 BER of Single Carrier BPSK under Impulsive Noise 

If the BER under impulsive noise is Pbi and BER under AWGN is Pbw, then the BER of a single carrier BPSK is 
given by (Voglgsang et al., 2000), 

 b i bi 0 bwP PP P P   (28) 

 noise bi noise bwT P (1 T )P   �  (29) 

Now, 
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and, 

  b

0

2E
bw NP Q  (31) 

Where Eb is the signal energy per bit, Ni and N0 are the power spectral density of the impulsive noise and AWGN 
respectively. We get BER in BPSK under impulsive noise as 
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6.2 BER of Single Carrier OFDM under Impulsive Noise 

For OFDM, let the PSD of overall noise (includes impulsive noise and AWGN) be Nm where Nm is given by 
(Voglgsang et al., 2000), 

 m 0 i iN N PN   (33) 

If AWGN noise power is N0 and impulsive noise power is Ni , then µ is defined as 

 i

0

N

N   (34) 

and BER of OFDM system under AWGN and impulsive noise is 
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 (35) 

7. Performance Improvement through Diversity Reception 

For OFDM, we assume that in case of diversity reception L is equal to the number of receiver, then Pb is given 
by (Masaaki, Takaya, & Hiraku, 2006; Zimmermann & Dostert, 2002) 

 
L 1

L l
b

l 0

L 1 l
P [0.5(1 )] ( )[0.5(1 )]

l
 





 
    (36) 

assuming 0.5(1+µ) ≈ 1 and 0.5(1- µ) ≈ 1/4Γc 

furthermore 
L 1

l 0

L 1 l 2L 1
( )

l L





  
  

so, the BER in diversity reception is given by, 

 b
c

1 2L 1
P ( )( )

4 L


  (37) 

where, 

 Γc = SNR in OFDM b

m

E2
N2   2 b 0

noise

E .N
2

1 T 
 


 (38) 

 

and the ratio of Impulsive noise power (Ni) to AWGN noise power (N0) µ is given by, 

 c

c1








 (39) 

Pb is calculated taking 2
  = 0.1, 0.5 and 1.0, and L = 2, 4, 6 and 8. 

8. Simulation Results 

In order to investigate the BER performance in a power line communication system in the presence of non-white 
additive Gaussian noise based on the formulas derived in the previous sections, we used computer simulation 
with MATLAB. The expression of the signal to noise ratio is developed considering the frequency and time 
dependence of the cyclostationary noise. The system bit error rate (BER) is then evaluated numerically for 
several system parameters like system bit rate, Fourier coefficients of the non-white Gaussian noise process etc. 
The simulation result is shown in Figure 3, Figure 4, Figure 5 and Figure 6. 
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Figure 3. Plot of BER vs. PS considering BER is 
independent of frequency, plot is shown for 

Rb=1Mbps 

 

Figure 4. Plot of BER vs. PS considering BER is 
independent of frequency, plot is shown for 

Rb=1000 kbps 

 

Figure 5. Plot of BER vs. PS considering BER is 
dependent of frequency, plot is shown for Rb = 1e6 

Figure 6. Plot of BER vs. PS considering BER is 
dependent of frequency, plot is shown for Rb = 1e5

 
9. Discussion on Results 

Following the theoretical approach presented in section II, we evaluate the bit error rate (BER) performance of a 
power line communication system with white and non-white power spectral density of noise. The results are 
presented in Figure 3 through Figure 6 for various system parameters. Figure 3 shows the plot of BER versus PS 
for different values of Fourier coefficients of the noise variance. It is noticed that there is significant 
improvement in BER performance depending on the values of Fourier coefficients Al and Bl. Optimum 
performance corresponds to a set of values of Al and Bl. Similar results are depicted in Figure 4 for data rate 
1000 kbps. Comparison of Figure 3 and Figure 4 shows that there is deterioration in system BER due to higher 
data rate. 

Results for frequency dependent noise PSD are depicted in Figure 5 and Figure 6 considering the Fourier 
coefficients as above. It is noticed that system performance is improved in the case of frequency dependent noise 
which is considered as a narrowband noise. 

9.1 OFDM System with Diversity Reception 

The BER performance is analyzed and compared for both BPSK and OFDM channel in single carrier receiver. 
The results show that the performance is significantly improved in OFDM. Results for diversity reception system 
are discussed in the following sections. 

9.2 BER Performance in Impulsive Noise  

Three noise scenarios is considered, namely ‘Heavily disturbed’, ‘Moderately disturbed’ and ‘Lightly disturbed’ 
(Ma, So, & Gunawan, 2005; Meng, Guan, & Chen, 2005). For plotting Equation (36), the parameters are taken 
from (Ma, So, & Gunawan, 2005) where IAT is the inter arrival time of the impulsive noise, which is the 
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reciprocal of the arrival rate λ. The parameters as listed in Table 1. The BER performance in impulsive noise is 
shown in Figure 7, Figure 8 and Figure 9. 

 
Table 1. Parameters of the impulsive noise scenario 

 Impulsive noise scenario IAT (1/λ) Tnoise 

I Heavily disturbed 0.0196s 0.0641ms 

II Moderately disturbed 0.9600s 0.0607ms 

III Lightly disturbed 8.1967s 0.1107ms 

 

 

(a) (b) 

 

(c) 

Figure 7. (a)Plot of BER vs. SNR in OFDM system for µ=0.1 and λ=1/0.0196; (b) Plot of BER vs. SNR in 
OFDM system for µ=0.5 and λ=1/0.96; (c) Plot of BER vs. SNR in OFDM system for µ=1.0 and λ=1/8.1967 
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