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Performance of MAP Channel Estimator in
Power Line Communication with OFDM under
Impulsive Noise

S. Muratoglu Ciiriik

Abstract— Power Line Communication (PLC), which is a
competitive technique especially for in-home applications, faces
impulsive noise together with unstable channel characteristics.
These two unpredictable factors make the communication on
power lines difficult, which may reduce the efficiency of
Orthogonal Frequency Division Multiplexing (OFDM), the
selected modulation standard for PLC. There exists various
channel estimators for PLC in the literature. The former
techniques assume the channel noise is white Gaussian as in the
wireless multipath, while the newer ones model the corrupted
noise as impulsive which results with more complex receivers. In
this study, the performance of the Maximum A-Posteriori (MAP)
estimator proposed for additive white Gaussian noise channels is
evaluated for PLC systems with OFDM under the constraint of
impulsive noise. For the simulations multipath channel data is
taken from the literature and Middleton Class A impulsive noise
model is used. The results show that the MAP estimator which is
designed with the assumption of white Gaussian noise has a
satisfactory performance even under heavy impulsive noise.

Index Terms— Channel estimation, impulsive noise, Orthogonal
Frequency Division Multiplexing, Power Line Communication.

I. INTRODUCTION

In recent years, studies related to the performance of the
popular technique, Power Line Communication (PLC) is
increasing rapidly. The main superiority of PLC is that it does
not request any specific wiring for communication because it
uses the already existing power line network. For
communication, though they are wired, power line channels
have multipath characteristics like the wireless channels and
the parameters of the multipath channels vary with different
network topologies and loads. Moreover, PLC may be damaged
by disturbances, such as narrowband interference and additive,
white/colored and/or impulsive noise. Unfortunately, all these
factors result with unstable varying channel characteristics,
which is the primary restricting factor for the data rate of PLC
modems that has to struggle with alternatives.
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For a success power line networks should be considered
carefully and this increases the complexity of PLC systems.
The multicarrier modulation technique named Orthogonal
Frequency Division Multiplexing (OFDM) overcomes
multipath fading effects by dividing the wide band into many
narrower subbands where it uses orthogonal carriers for
bandwidth efficiency. OFDM has been popular for wireless
communication systems and has also been selected by Home
Plug Powerline Alliance as power line modulation standard [1].
The performance of an OFDM system is highly dependent on
the quality of the channel estimation. Typically, in OFDM
systems subchannel coefficients are highly correlated. Thus the
Maximum A-Posteriori (MAP) based estimation techniques are
expected to perform better than the Maximum Likelihood (ML)
based ones: The ML estimates will have a higher Mean Square
Error (MSE) especially for low Signal to Noise Ratios (SNR).

Although the number is limited, channel estimators for
OFDM systems in PLCs have been proposed in the literature.
The former techniques assume the channel noise is white
Gaussian as in the wireless multipath, while the newer ones are
more realistic and model the corrupted noise as impulsive
which results with more complex receiver structures. Further,
adaptive estimator structures proposed, which estimate the
channel and noise dynamically, are declared to have better
performance but even more complicated receivers. For
example in [2], to reduce impulsive noise, an algorithm for
channel estimation is given basing on a robust cost function. In
[3], a discrete-time parametric representation of a linear
periodically time-varying system is adopted to model indoor
power line channels. Following, the parameters of the proposed
representation are estimated. In [4], the robust relevance vector
machine based channel estimation is used. The authors in [5]
present an adaptive iterative receiver used to decrease the
impact of impulsive noise on OFDM based power line
communications. In [6], power line channel impulse response
estimation is done by applying a relevance vector machine to
the received data. The authors of [7] cancel the impulsive noise
in PLC systems with OFDM by steps settled on turbo coding
and frequency domain equalization. The adaptive algorithm in
[8] for impulsive noise suppression seen over the PLC channel
applies an iterative estimation. In [9], regardless of the statistics
of the noise, the authors give the equivalence of Minimum SNR
estimator and Minimum MSE estimator. In [10], authors have
used the Generalized Eigenvalues Utilizing Signal Subspace
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Eigenvectors algorithm for multipath parameter estimation of
PLC channel. The authors of [11] provide an iterative
impulsive noise reduction technique based on MMSE/MAP
estimation for OFDM communications.

Before dealing with complicated receivers, the question that
should be answered is that, do we really need such complex
receivers in practice? What is the degradation in performance
if we use simple estimation techniques? Therefore, in this
study, we investigate the degradation in performance if we use
the MAP estimator proposed for additive white Gaussian noise
channels for PLC systems with OFDM under the constraint of
impulsive noise.

Il. POWER LINE CHANNELS

PLC channels have frequency selective and time varying
multipath behavior, depending on the network topology and
wire type. The studies have shown that a PLC channel may be
modeled as a multipath channel, and its frequency response is
dedicated by [12]

Ly .
H(ED =Y gy e borat Bemi2abim)
i=1
where g isthe time dependent weighting factor of i-th path.

e-laoat)d; s the attenuation part (a, and g are attenuation
parameters, K is the exponent of the attenuation factor, d; is the

length of i-th path) and g 12 iy, )
is the propagation velocity).

In this study, three different PLC multipath channel model
taken from the literature are used: CH1, is a 4-path multipath
channel which is suitable for PLC channels with 1-4 branch
network topology and short distance in the range of 100 - 200

m [12]. The attenuation parameters are a, =0, a =7.8-107,

is the delay portion (v,

k=1, and the propagation velocity v,=1.5-10®. CH2 is again
for short distance channels with an 8-path multipath, but with
different attenuation parameters: a,=0, a =1.10", k=06

[13]. CH3 has 15 path, and is a model for longer distance,
longer than 300 m, with a more complicated network topology

[14]. The parameters are ay =0, a =7.8-107°, k=1, and
Vp =15-10%. The path weighting factor g;; and path length d;

, for CH1, CH2 and CH3 are inscribed in Table 1, Table 2 and
Table 3, respectively.

TABLE |
CHANNEL | (CH1) PARAMETERS

Path no 1 2 3 4

Uit 0.64 0.38 -0.15 0.05

di (m) 200 2224 | 2448 | 2675
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TABLE Il
CHANNEL Il (CH2) PARAMETERS
Path no 1 2 3 4
Jit 0.6 0.11 -0.12 0.11
di (M) 15 22 28 35
Path no 5 6 7 8
Oit 0.07 -0.07 0.06 -0.01
dj (m) 41 48 53 59
TABLE 1l
CHANNEL 11l (CH3) PARAMETERS
Path no 1 2 3 4 5
Oit 0.029 0.043 0.103 -0.058 -0.045
dim | 75 85 942 | 1192 | 1233
Path no 6 7 8 9 10
it -0.040 0.038 -0.038 0.071 -0.035
d; (m) 166.7 216.7 268.3 342.5 408.3
Path no 11 12 13 14 15
Oit 0.065 -0.055 0.042 -0.059 0.049
di (m) 472.5 616.7 800 941.7 1041.7

The noise sources observed in PLC channels may be grouped
according to their durations. The first group is stationary over
a long period compared to symbol duration and is called
background noise. It is a combination of colored background
noise, narrowband noise and periodic impulsive noise
asynchronous to the mains frequency. The second group is time
variant with short durations of microseconds to milliseconds.
This group is a combination of asynchronous impulsive noise
and periodic impulsive noise synchronous to the mains
frequency. Time domain impulsive noise in PLC is modelled
frequently with Middleton’s Class A noise model. The
probability density function (pdf) of a Middleton Class A noise
sample n is given by [15]:

pln)= 3 Px{n0.n), @

m=0

where the mixing probability P, is given by

AMeA
Pn = mi . (3)

The “impulsive index” A gives the density of impulses in an
observation period. It should be specified that Ae[10‘2,1] for

PLC channels. N(nk;y,amz) is the Gaussian pdf with mean p

and variance ¢,,2. The variance in Middleton Class A model is
defined as

O'm2=O'|2.—+O' 2 (@)
or equivalently,
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m
O'mz:O'gz.[E'Flj. (5)

Here ¢,> and ¢,2 are the variances of the impulse noise and

g
the background Gaussian noise, respectively. The Gaussian
factor r=o,2/c,? is the ratio of Gaussian to impulse noise

power. The Gaussian factor is generally in the range [1076,1].

I11. CHANNEL ESTIMATORS

The PLC channel is assumed to be stationary inside the
observation interval. Further, the channel band is frequency
selective, but flat for subbands of OFDM. Then, after removing
the modulation effects, the received vector for an OFDM
system with N subcarriers is:

r=h+n, (6)

where the additive noise n is impulsive and the channel
coefficients h are samples of zero mean jointly Gaussian
complex random process with covariance matrix Ch. The MAP
estimation of the channel coefficient vector [16] is found by:

A

hmap =argmax  p(h/r) (7
4

If the impulsive noise is modeled as zero mean white Gaussian
with covariance matrix Cn, then

ple/h)= N}C |exp[—<r—h>H Car-n)] ®)

n

p(h)= ;TN1| exp[—hH.CZ‘l.h] )

Ch|

Following necessary steps it can be shown that the MAP
estimates are given by:

n

hmap :(Cn_1+Ch_l)7l.Cn_1.r (10)

and simplifying (10), MAP estimation expression is found to
be

hmap =B-r where B=C, (C,+Cp)™ (11)

The MSE matrix for the MAP estimates is given by [16]:

MSEpap =B.C, B +(B-1y).Ch.B- 1) (12)

where In is the NxN identity matrix and ()" means Hermitian
of the matrix. Equivalently, it can be written as
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MSE pmap = Ch —Cp.(Cp +Ch ) *.Chy (13)

Note that, under the constraint of white noise, the noise

samples are mutually independent, i.e., C,=c?2.ly, Where

o2 is white noise variance, then (13) simplifies to

MSE ypp = 0,2 B (14)

For ML estimation (without a priori knowledge of the channel),
B will be the identity matrix. Then the ML estimate [16] is

hmL =r, and its MSE is MSEy,, =C, .

IVV. SIMULATION RESULTS

For the simulations, we have taken the HomePlug AV
standard [1] as reference. The standard states that OFDM with
1155 subcarrier is used as modulation scheme in the band 1.8
to 30 MHz. Therefore in the simulations 0-30 MHz band is
considered (elementary period T is 1/30 us) and the subcarrier
number, N, is selected to be 1200 (25 kHz subbands).

Fig. 1, Fig. 2 and Fig. 3 depict multipath characteristics of
PLC channels that will be estimated, whose parameters are
given in Section Il. The amplitudes are determined from the
samples taken from the amplitude spectra of the channels where
n is the subchannel indices. As seen from the figures the
frequency selectivity is lowest for CH2. The amplitude
attenuation that exists in CH1 rapidly increases with frequency.
And for CHS3, there are sudden changes in the multipath
characteristics in 0-200 subbands (0-5 MHz band), which is
more serious in 0-100 subbands (0-2.5 MHz band).
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Fig. 1. Amplitude response of CH1 versus subcarrier index.
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Fig. 2. Amplitude response of CH2 versus subcarrier index
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Fig. 3. Amplitude response of CH3 versus subcarrier index.

Simulation results of MAP channel estimator rms errors with
Gaussian noise versus subchannel number for CH1, CH2 and CH3 are
given in Fig. 4, Fig. 5, and Fig. 6, respectively. Simulation parameters
are selected to be SNR = 10 dB, N = 1200. The performance of the
MAP estimator with Gaussian noise assumption is also analyzed under
the Middleton Class A model impulsive noise with parameter values
are selected to be A= 1, I'= 10 (highly impulsive case) with same
SNR and subcarrier number as in the previous simulations. Simulation
results for CH1, CH2 and CH3 are again given in Fig. 4, Fig. 5, and
Fig. 6, respectively. As seen, the performance of the MAP estimator
designed for Gaussian noise is good under the constraint of impulsive
noise for all channels, as in white noise case. The average MSEs under
Gaussian noise are 0.0022, 0.0024 and 0.0003 for CH1, CH2 and CH3,
respectively. Under the impulsive noise, the averages are 0.0024,
0.0028 and 0.0003 for CH1, CH2 and CH3, respectively. MAP
estimator designed with the assumption of Gaussian noise performs
well in all channels even in the worst case of impulsive noise when
SNR is 10 dB.
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The simulations are repeated for SNR = 0 dB to investigate the
performance for low SNR case. The results are given below in Fig. 7,
Fig. 8 and Fig. 9. The average MSEs of estimator under Gaussian noise
are found to be 0.0059, 0.0092 and 0.0012 for CH1, CH2 and CH3,
respectively. The average MSEs of estimator under impulsive noise
are 0.0064, 0.0106 and 0.0014 for CH1, CH2 and CH3, respectively.
Again we concluded that although there is a slight degradation in
performance, the MAP estimator designed with the assumption of
Gaussian noise performs well in all channels.

The simulation results showed that all performances are very close
to the case of channel with Gaussian noise even in the worst case of
impulsive noise and low SNR. This is because of the FFT operation in
OFDM receiver. OFDM systems randomized the power line impulsive
noise via its FFT operation, resulting in Gaussian distributed noise,
especially if the number of OFDM subcarriers is sufficiently large.
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Fig. 7. MAP channel estimator rms error, SNR = 0 dB, CH1, Gaussian and
Impulsive noise.
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Fig. 8. MAP channel estimator rms error, SNR = 0 dB, CH2, Gaussian and
Impulsive noise.
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Fig. 9. MAP channel estimator rms error, SNR = 0 dB, CH3, Gaussian and
Impulsive noise.

V. CONCLUSION

In this study, we aimed to analyze the degradation in the
performance of MAP channel estimator if we ignore the noise
is impulsive and assume it Gaussian. Thus, the performance of
MAP channel estimator proposed for additive white Gaussian
noise channels is evaluated for PLC systems with OFDM under
the constraint of impulsive noise. The simulations are done
using three different channel data taken from the literature and
Middleton Class A impulsive noise model. The MSE of
estimations under heavy impulsive noise circumstance is
investigated. The results show that the degradation in
performance is insignificant, only distinctive for low SNR, for
all channels. The MAP estimator which is designed for white
Gaussian noise has a quite satisfactory performance even under
heavy impulsive noise and can be safely used. The reason is
that in an OFDM system, the impulsive noise is randomized via
the FFT operation, thus noise is spread over all carrier
frequencies and behaves like Gaussian even if it is impulsive in
time domain. We conclude that we can safely assume the noise
to be Gaussian in frequency domain
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