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Dynamic Peak Based Threshold Estimation Method
for Mitigating Impulsive Noise in Powerline
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Abstract—Impulsive noise (IN) is one of the most dominant
factors responsible for degrading the performance of powerline
communication systems. One of the common techniques for
mitigating IN is blanking which is applied at the front end
of the receiver to zero the incoming signal when it exceeds a
certain threshold. Determining the optimal blanking threshold
(OBT) is however key for achieving the best performance. Most
reported work to find the OBT are based on the availability
of the long term characteristics of IN at the receiver. In this
paper we consider orthogonal frequency-division multiplexing
(OFDM) based powerline communications and propose a method
for finding the OBT without requiring any knowledge about
the IN. We show that there is a direct relationship between
the OBT and the peak to average power value of the OFDM
symbol and utilize it to identify the OBT. The results reveal that
the proposed technique not only eliminates the need to prior
knowledge about the characteristics of IN but also achieves a gain
between 0.5—2.5dB depending on the accuracy of the signal peak
to average estimate. It will also be shown how the performance
of the proposed method can be further enhanced by employing
some basic signal per-processing at the transmitter.

Index Terms—Blanking, impulsive noise, Middleton class-A
noise, OFDM, PAPR, powerline communications (PLC), SINR,
SNR.

I. INTRODUCTION

OWERLINES have always been the means to distribute

electrical power. However, with the rising dependence on
communications, powerline networks were seen as a possible
medium for delivering data. This technology is commonly
known as powerline communications (PLC). The main ad-
vantage of PLC is obviously the fact that they can exploit a
pre-installed infrastructure of wiring networks hence additional
cabling installation can be avoided and costs can be saved
in addition to the ease of accessing the outlets which are
distributed throughout any building [1].

On the other hand, using powerlines to transmit data signals
requires overcoming a number of challenges [2]. In addition
to varying impedance and high levels of frequency dependent
attenuation [3], noise is the most crucial element influencing the
communication signals over powerline networks [4]. Noise in
powerline channels is typified into two categories [5] colored
background noise and impulsive noise (IN). The latter is the
most dominant factor that degrades the communication signals.
In [6], it was experimentally found that the power spectral
density (PSD) of IN always exceeds the PSD of background
noise by at least 10 — 15dB and may reach as much as 50dB.
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To study the impact of IN on powerline communication sys-
tems, different methods have been suggested in the literature to
model IN analytically and empirically [7]-[9]. The Middleton
class-A model [7], [10] has been the most widely accepted in
evaluating and analyzing PLC systems and therefore it will be
adopted in this work for system performance evaluation. It is
worthwhile mentioning that Middleton expounded his Class-A
model with the assumption of IN being of a wideband shorter
than that of the receiver.

Orthogonal frequency division multiplexing (OFDM) sys-
tems [11], have been proposed for PLC in [12] as they are
less sensitive to IN than single carrier systems. However, if IN
energy exceeds a certain threshold, this could turn into a disad-
vantage [13]. A number of IN mitigation methods with varying
degrees of performance and complexity have been reported in
the literature [14], [15]. The simplest of such methods is to
precede the conventional OFDM demodulator with a blanker
or a clipper [16], [17]. This method is widely used in practice
because of its simplicity and ease of implementation [18]-[20].
Theoretical performance analysis and optimization of blanking
was first investigated by Zhidkov in [21], [22] where a closed-
form expression for the signal to noise ration (SNR) at the
output of the blanker was derived and the problem of blanking
threshold selection in the presence of IN was addressed.

To date, most studies on this topic are based on the fact
that the long-term IN characteristics can be made available
at the receiver from which the optimal blanking threshold
(OBT) is determined. However, IN short-term variations may
lead to misestimating the OBT which can degrade system
performance significantly. To our knowledge, the impact of
short-term variations of the IN on this method, referred to here
as the conventional optimal blanking (COB) method, has not
been addressed previously. Therefore the contribution of this
paper is twofold. First we will assess the impact of short-
term variations of IN on the COB method and then propose
a different criterion for estimating the OBT independently of
the IN characteristics. In contrast to previous studies, a direct
relationship between OBT and the peak to average power
ratio (PAPR) of the OFDM symbols is found and utilized for
enhancing the performance of the blanking technique. This
method will be referred to as dynamic peak based threshold
estimation (DPTE) method. The results show that the proposed
not only completely eliminates the need to prior knowledge
about the short-term/long-term characteristics of IN but also
achieves a gain between 0.5—2.5dB depending on the accuracy
of the signal peak to average estimate. In addition, it will
be shown that the performance can be further improved by
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Fig. 1: Block diagram of OFDM system with blanking device at the receiver.

applying some basic preprocessing at the transmitter.

The rest of the paper is organized as follows. In Section
II, the system model is described. The performance loss due
to IN estimation errors for the COB method is investigated in
Section III. In Section IV, the proposed technique is presented
and the relationship between OBT and peaks of OFDM symbols
is discussed. The simulation results are presented in Section V.
Finally, conclusions are drawn in Section VI.

II. SYSTEM MODEL

The basic system model used is shown in Fig. 1. First the
information bits are mapped into 16 quadrature amplitude mod-
ulation (16QAM) base band symbols Si. Then, the 16QAM
signal is passed through an OFDM modulator to produce a
time domain signal, sy (¢) defined as
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1 N-1 .
s(t) = —= Y Ske T,
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where Sy, is the complex constellations of the data symbols, N
is number of sub-carriers and 7T is the active symbol interval.
Using this definition, the PAPR of the transmitted signal is
given by

0<t< Ty €))]

max |s(t)|?

E [|s(t))]

where E'[.] is the expectation function. We assume that the
signal power is normalized to unity and hence the PAPR
simply indicates the peak value of the signal given by peak =
101log,, (max |s(?)]).

According to Middleton in [7], [10], IN is categorized into
two classes A and B. However, PLC researchers consider IN
over powerlines as Middleton class-A type, [23]-[25], with
probability density function (PDF)
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While A measures the average number of impulses over the
signal period and is referred to as impulsive index, o? is the
total noise power, aé is the Gaussian noise power and a? is
the impulsive (non-Gaussian) noise power.

For the sake of simplicity, in this work a special case of
Middleton class-A noise model is used in which IN is modeled
as a Bernoulli-Gaussian random process [13]. This is referred
to as two-component mixture-Gaussian model and is given by

ng = Wk + i (N

where

in=brge, k=012 N—1 (8)

ng is the total noise component, wy is the additive white
Gaussian noise (AWGN), 4, is the IN, g is complex white
Gaussian noise with mean zero and by, is the Bernoulli process
with probability mass function

by = 1
Pr(bk):{g’ bzzo k=0,1,....N—1 (9

where p is referred to as the IN probability of occurrence. The
PDF of the total noise can be expressed as

Py, (nk) = (1—=p)G (nk,0,00,)+pG (nk, 0,05 + 07) (10)

G (.) is the Gaussian PDF and is given by (11). o2 and o7
are the AWGN and IN variances, respectively. These variances
define the input SNR and SINR as in (12) and (13), respectively.

e 2 (11)
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SNR = 10log,,, (2> (12)
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Fig. 2: The loss in output SNR caused by misestimating OBT by +10%,
+20% and +35%, SNR = 25dB.

Under perfect synchronization condition, the received signal
can be expressed as
(14)

TR =Sk +wg+1ix, k=0,1,2,...,.N—1

where s = s(kTs/N); sk, wy and iy are assumed to be
mutually independent.

At the receiver, before the OFDM demodulator, blanking is
applied, see Fig. 1. The basic principle of the blanking device
[16], [21] follows

_ Tk,
Yr = 0,

where T' is the blanking threshold, 7, and y; are the input
and output of the blanker, respectively. If 7" is too small, most
of the received samples of the OFDM signal will be set to
zero resulting in poor bit error rate performance. On the other
hand, for very large T', blanking will have a negligible effect
on the received signal allowing most of the IN to be part of
the detected signal hence degrading performance. Thus, the
blanking threshold must be carefully chosen. In [21], theoretical
expressions for OBT (T,,:) and output SNR for the COB
method were derived as a function of IN parameters which
are given by (16) and (17), respectively.
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where E [AZ] is defined as in (18). It was shown that these
expressions work well when the IN characteristics are accu-
rately known apriori. These expressions will be utilized in our
comparative analysis to verify the accuracy of our simulation
model.
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III. PERFORMANCE L0OSS DUE TO ESTIMATION ERRORS
FOR COB METHOD

In this section the effect of using the non OBT on the output
SNR when using the COB method is investigated. It is worth
highlighting that estimation errors of the IN parameters could
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Fig. 3: The loss in output SNR caused by misestimating OBT by —10%,
—20% and —35%, SNR = 25dB.

arise due to short-term channel time variations as well as noisy
estimates. Fig. 2 and Fig. 3 show the loss in the output SNR
due to misestimation of OBT for different values of p. These
results are obtained as

SNRcoB
L = 10log,, (SNRE‘OB>

(19)
where SNR¢ 5 is obtained from (17) by replacing T,,¢ with
(Topt = eT,pe) in (18) and (e) is the estimation error.

It is clear that as the deviation from the exact OBT increases,
the loss in the output SNR becomes greater and more so for
negative errors. For instance, for p = 0.01 and an error of
+35% from the exact OBT value, the worst case scenario will
be a loss of about 2.25dB at SINR = —15dB, whereas for an
error of —35% the highest loss will be about 8.5dB at SINR =
—20dB. The intuitive explanation of this phenomena is that as
the blanking threshold goes below the OBT, more of the useful
signal energy will be blanked whereas when it is above, less
signal energy is blanked; this phenomena can also be extracted
from the output SNR versus threshold value results obtained
by the COB method in [21], [22] where it is obvious that the
output SNR curves slop is higher (more sensitive to errors) in
the region below the OBT than that of above the OBT.

It is also obvious that there is always more loss in the
intermediate SINR region which clearly states that this region
is the most sensitive to OBT misestimations. This is because
of the fact that in this region, the IN values are slightly higher
than the signal values and therefore any slight misestimation of
the OBT will result in a significant change on the output SNR.
On the other hand, however, it is interesting to note that for
extremely low SINR values, the effect of the deviation from
OBT on the output SNR becomes less serious especially for
the positive errors.

IV. THE PROPOSED METHOD

The drawback of the COB method is its sensitivity to the
short-term variations of IN which could lead to significant per-
formance losses as illustrated in the previous section. Therefore,
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in this paper we propose to avoid relying on IN measurements
and instead use estimates of the transmitted signals’ peak to
average power ratio. It is intuitive to think that there is a
direct relationship between the OBT and the OFDM peak
signal values as anything that exceeds the signal peak signifies
unwanted noise or interference. To evaluate this relationship
we conducted an extensive search for the OBT for signals
with different PAPR values as presented in the flowchart in
Fig. 4. The number of OFDM symbols considered in this
investigation is (n = 105 symbols) with 256 subcarriers. An
OFDM symbol is first generated {s/)} and its peak value
is calculated Peak(j) before it is passed through the PLC
channel where the noise vector {n(j )} is added to it to produce
{r(j)}. {sU}, {n(j)} and {r(j)} are vectors each of length
256 and j = 0,1,...,n. Blanking is applied on the j*" received
symbol with blanking threshold 7" being varied from O to 10
using the index {t} in step of 0.01 and the corresponding
SNR () is determined. After that the blanking threshold T (¢)
that maximizes the output SNR of the j** OFDM symbol
is assigned to Ty, (7). This procedure is repeated for all the
symbols and finally the vector Ty, is plotted versus the vector
Peak in Figs. 5 and 6 in the absence and presence of AWGN,
respectively.

It is found that there exists a one-to-one linear relation
between the signal peaks and the OBT. This implies that if
the peak of every individual OFDM symbol can be determined
accurately at the receiver, it will be possible to optimally
blank IN on symbol by symbol basis without the need to
know the IN characteristics. It is clear from these figures that
the OBT is equal to the peak signal value. However, since
it is practically infeasible to determine the exact peak for
every single OFDM symbol at the receiver, the complementary
cumulative distribution function (CCDF) should be used in
practice. The CCDF of the PAPR of OFDM signal with /N sub-
carriers denotes the probability that the PAPR of a data block
exceeds a given threshold PAPR,. This paper adopts a simple
approximate expression derived, in [26], for the CCDF of the
PAPR of a multicarrier signal with Nyquist rate sampling. This
expression can be written in terms of peaks instead of PAPR
as

N
CCDF = Pr(peak > peak,) =1 — <1 — e(_pmk”)) (20)

A plot of (20) is shown in Fig. 7 for OFDM signals with 64,
256 and 1024 sub-carriers. Simulation results for CCDF are also
obtained and it is clear that both the analytical and simulation
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Fig. 4: The flowchart for finding the relationship between the OBT and

signal peaks.
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Fig. 5: The relationship between OBT and peaks of OFDM symbols in
the absence of AWGN.

results are in a good agreement. While this expression is
not precise on a symbol-by-symbol basis, it will be shown
later that the average system performance will not be affected
significantly.

Moreover, the proposed systems can be improved further if
the signal is pre-processed at the transmitted to maintain the
OFDM peaks below a certain threshold. A simple technique
for doing this is to clip the OFDM signal before transmission,
[27], as

|5k‘ S T(:

k=0,1,....,N—1 (21)
|Sk‘>Tc

5 — Sk
k= j k
T, edarg(sk)

where T is the clipping threshold. If T, is too small most of
the OFDM signal will be clipped whereas if it is too large no
clipping will take place; therefore, an optimal clipping threshold
exists as investigated in the next section.

V. SIMULATION RESULTS

In this section, computer simulations are conducted to ana-
lyze the gain in terms of SNR at the output of the blanker,
in the presence of IN. These simulations are based on an
OFDM system consisting of N = 256 subcarriers with 16QAM
modulation. It is assumed that the transmitter and receiver are
synchronized. The number of OFDM symbols considered in
our study is 10° and the OFDM signal power is normalized
to unity 02 = (1/2) E [\skﬂ = 1. The output SNR for the
DPTE technique is defined as

P [l
E [\yk - Skﬂ
The noise is generated as in (10) and the noise variances
are given as 02, = (1/2) E {|wk|2 and o2 = (1/2)E£|zkﬁ
Various IN probabilities are considered p = 0.1, 0.03, 0.

and 0.003 which implies that 10%, 3%, 1% and 0.3% of the
received OFDM samples will be affected by IN, respectively.

SNRpprE = (22)
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Fig. 6: The relationship between OBT and peaks of OFDM symbols in
the presence of AWGN.
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Fig. 7: Analytical and simulated results of CCDF for N = 64, 256, 1024.

Therefore, in this system with 256 subcarriers, the average
number of IN pulses received within each OFDM symbol will
be (pN), i.e. about 26, 8, 3 and 1 IN pulses per OFDM symbol
when p = 0.1, 0.03, 0.01 and 0.003, respectively.

It is also worthwhile mentioning that the positions of IN
pulses vary randomly within the OFDM symbols.

A. Gain Obtained by DPTE Technique Over COB Method

To establish the lower bound performance of this method
we initially assume that the peak of each OFDM symbol is
known accurately at the receiver. Under such assumption, Fig.
8 illustrates the output SNRs using both DPTE and COB
methods for various probabilities p. It is clear that in case of
COB method the simulation results closely match the analytical
ones obtained from (17) and this verifies the accuracy of our
simulation model. It is also observed that the DPTE method
always outperforms the COB. This improvement increases as
p decreases as clearly shown in Fig. 9. This gain is referred to
as relative gain (Gg) and is expressed as
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It is obvious that the highest G i for all the probabilities p is
always within the intermediate region of SINR. For instance,
when p = 0.003, there is a gain of about 2.5dB over using
COB scheme at SINR = —10dB and about 0.8dB of gain for
high impulse probability p = 0.1 at the same SINR.

It is more appropriate to refer to the term ’relative gain’
as relative loss when it is less than 0dB which is the case in
the rest of this section. Fig. 10 depicts the relative loss in the
output SNR due to the impracticality of using the exact OFDM
symbol peaks and using the probabilistic model (20) instead
for different blanking thresholds 5dB, 6dB, 7dB and 8dB. It is
clear that the smallest loss occurs when the blanking threshold
is 6dB where the loss is always less than 1dB for most the
given impulse probabilities and this threshold corresponds to
CCDF of 1075 as illustrated in Fig. 7.

Although there is a loss of less than 1dB, this method is still
very attractive as it is independent of the IN characteristics. On
the other hand, the loss in COB method could be up to about
9dB for p = 0.01 if OBT was estimated wrongly by—35% as
shown in Fig. 3. From Fig. 10, it is seen that the behavior of
relative loss can be divided into two regions during which if the
loss is high in one region in the other it is low and vice versa.
These regions can be defined as intermediate SINR region from
—5dB to —15dB and low SINR region from about —30dB to
—oo. To make this trade-off clearer, relative loss is plotted
versus blanking threshold for intermediate and low SINR values
as presented in Fig. 11a and Fig. 11b, respectively. From these
figures, we can clearly see that the blanking threshold that gives
the least loss, less than 1dB, in both regions for most impulse
probabilities under study, is 6dB.

SNR
Gr = 1010, (DPTE)

B. Gain obtained by DPTE Technique Over COB Method When
Clipping is Employed at the Transmitter

DPTE technique can be improved by preprocessing (clip-
ping) the signal at the transmitter to ensure that the PAPR
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Fig. 9: The SNR gain of DPTE technique relative to COB method versus
SINR, SNR = 25dB.

remains under a certain threshold level. It is important to
point out that clipping threshold at the transmitter is used as
blanking threshold at the receiver. Fig. 12 shows the gain of
DPTE method over COB method when the OFDM signal is
clipped at the transmitter for different clipping thresholds 5dB,
5.5dB, 6dB and 6.5dB. It can be seen that the optimal clipping
threshold is 6dB. Furthermore, it is interesting to note that there
is a gain of about 0.5dB in the intermediate SINR region for
some impulse probabilities.

Similarly as in the previous section, we can see that there
is a trade-off between the system behavior in the intermediate
and low SINR regions. To make this clearer, the relative gain is
plotted in Fig. 13 versus clipping threshold for an intermediate
and a low SINR values. However, it is important to stress the
fact that clipping the signal at the transmitter will add distortion
and therefore, more appropriate PAPR reduction techniques
should be used in practice to prevent any unwanted signal
distortion.

VI. CONCLUSION

In this paper, we investigated the impact of estimation errors
on the COB technique in terms of its effect on the output SNR
of the blanking device. It was found that using this method may
result in a dramatic degradation of SNR at the output of the
blanker if the IN characteristics can not be accurately obtained
at the receiver. Furthermore, this paper showed that there is a
direct relationship between the peaks of OFDM symbols and
OBT. It was also found that our proposed method is not only
independent of IN measurements, but also can provide about
2.5dB if the peak of each OFDM symbol can be determined at
the receiver. However, as it is not practical to know the exact
OFDM symbol peaks, the CCDF is used instead and was found
that there is still about 0.5dB improvement in the output SNR
if some per-processing is performed at the transmitter side.
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