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1Abstract—Power line communication (PLC) method is a
developing technology that is intended to provide a
communication platform by using conventional power lines. In
this study, bit error rate (BER) performances of low-density
parity-check (LDPC) coded orthogonal frequency-division
multiplexing (OFDM) systems have been examined over indoor
PLC channels. Performances of different LDPC decoder
schemes such as belief propagation (BP), weighted bit flipping
(WBF) and implementation-efficient reliability ratio based
weighted bit flipping (IRRWBF) decoders were investigated in
the modelled system. Different indoor channel scenarios that
were generated by using new and more realistic PLC channel
model proposal were also employed to evaluate the BER
performance analyses. The performed simulations in the PLC
channels showed that the LDPC codes can provide significant
improvement with a remarkable encoding complexity when the
BP or IRRWBF decoder is utilized on the receiver unit.

Index Terms—Power line communications (PLC), low-
density parity-check (LDPC) codes, orthogonal frequency-
division multiplexing (OFDM), bit error rate (BER).

I. INTRODUCTION

Nowadays, power line communication (PLC) systems
have attracted much interest in the field of communication
and smart grid systems since they do not require to establish
any new communication medium [1]-[4]. The main
applications of the PLC systems can be classified into two
categories as indoor and outdoor applications. The smart
grid (SG) and advanced meter reading (AMR) systems are
the most popular outdoor applications of these systems and
they generally use narrowband PLC channel under the 500
KHz frequency band [2], [3]. The indoor applications of the
PLC systems that aim to ensure high data rates for homes
and offices use higher frequencies than the narrow band such
as in the range of megahertz.

The power lines act as a destructive and noisy channel
when they are employed as a communication medium since
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they were essentially designed for electrical energy delivery.
Performances of the PLC systems extremely depend on the
channel characteristics of the connected network. Hence, the
PLC channel characteristics are intensively being
investigated and researchers reported several channel
models. Hensen described the first channel model in [5]
where the channel attenuation was simply increased with
frequency. Later the Hensen’s model, another model that
takes into account multipath effects, was proposed by
Phillips [6]. An extended PLC channel model was also
described by Zimmerman, in which they have considered
effects of cable length in the frequency domain [7]. Later on,
a novel and more realistic PLC channel model was proposed
by Canete [8]. Moreover, in the literature, there are several
PLC channel models that were based on statistical rules [9]-
[11]. Also, the reported contributions in [12] showed that the
indoor PLC channel conditions could be defined more
accurately by using Canete’s channel model proposal, which
will also be utilized in this study.

The purpose of this paper is to employ a novel and more
realistic model [8] as indoor PLC channels to evaluate bit
error rate (BER) performance results of low-density parity-
check (LDPC) coded orthogonal frequency-division
multiplexing (OFDM) system. The effects of soft and hard
LDPC decoder schemes such as belief propagation (BP),
weighted bit flipping (WBF) and implementation-efficient
reliability ratio based weighted bit flipping (IRRWBF)
decoders are also examined in the modelled system
regarding to the system performance. Moreover, three
different PLC channel scenarios are considered in the
performed simulations. The BER performance of an adopted
PLC channel model that is based on the LDPC coded OFDM
system with various decoder schemes has not ever been
proposed and analysed, that is the main contribution of this
paper.

The remainder of this paper is organized as follows: The
LDPC coded OFDM scheme is presented in Section Il. The
third section describes the indoor PLC channel model and
simulation results are drawn in fourth section in detail, while
conclusions are given in Section V.
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Il. LDPC CobeED OFDM SYSTEM IN PLC CHANNEL

The destructive effects of the PLC channel can be reduced
by using LDPC coded OFDM system that is a robust and
effective method to cope influences of frequency selective
channels. The LDPC codes are a class of linear block codes
and are one of the most important forward error-correction
(FEC) codes for channel coding. These codes were
introduced by Gallager [13]. After it has been showed that
the LDPC codes could reach Shannon limit error
performance, they were rediscovered in the late 1990s [14].
The LDPC codes are widely preferred in modern
communication systems for channel coding. The DVB-S/-T/-
C, 802.11n (Wi-Fi), 802.16e (WiMAX), IEEE802.3an
(10Gbit Ethernet) and G.hn/G.9960 standards are presently
employed these codes due to their high performance.

Figure 1 shows block diagram of the LDPC coded OFDM
system with soft and hard decision decoders employed over
the indoor PLC channels. The transmitter part of the
communication system is shown at the top of the Fig. 1,
where the random data are firstly generated as an input
message and then are applied to LDPC encoder block to
perform channel-coding process. After the channel coding
process performed by using LDPC codes, the mapping is
applied to data in the constellation mapper block. The pilot
symbols are inserted to the coded and modulated data to
achieve exact estimation on the receiver. Afterwards, the
data are arranged to add cyclic prefix (CP) to prevent
intersymbol interference (ISI) and then data are passed
through the indoor PLC channels.

The data applied to the PLC channels are exposed to
various destructive effects of the channel such as attenuation
and various noises that are caused by the power lines and
loads connected to the grid. The mentioned noise contains
background noise, impulsive noise and narrowband
interferences. The lower part of the block diagram illustrates
the receiver structure of the system. The input data of the
receiver unit are primarily transformed to parallel data type
and then the guard interval of the parallel data streams are
removed to apply the data to fast Fourier transform (FFT) in
OFDM receiver block. By following the FFT process, the

data are converted to serial type and channel estimation,
pilot symbols removal and demodulation processes are
implemented to data stream where the decoding process is
the final step of the receiver unit. The LDPC decoding
process can be performed by using soft or hard decision
decoder schemes. While the most commonly used hard
decision decoders in the literature are WBF [15] and
IRRWBF decoders [16], the most popular soft decision
decoder is BP decoder [17]. In this study, these soft and hard
decision LDPC decoder schemes are employed to analyse
and to compare the performances over the indoor PLC
channels.

The PLC channel model proposed by Canete [8] is
adopted in this study, which can generate more realistic
indoor channel scenarios since it considers the practical
network structure of home and offices to create the channel
scenarios. The simplified network topology used to describe
the PLC channel model is shown in Fig. 2.
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Fig. 2. Network topology of Canete’s PLC channel model [8].

This model consists of line lengths
(L(ie{1,234}), 5(iefL23})) and terminal  units

(Zi(i €{12,3}), Z, and ZL) as shown in the Fig. 2. The

outlets of the indoor network are modelled as terminal units
in Canete’s model. While the load impedances connected to
the grid are illustrated with Z,,Z, and Z,, the transmitter

and receiver units are shown with Z; and Z,_, respectively.
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Fig. 1. The block diagram of LDPC coded OFDM system with various decoder schemes over indoor PLC channels.
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The mathematical expressions between the transmitter and
receiver can be obtained by using two-port network and
ABCD matrix theory. In order to achieve this, characteristic

impedance (ZC) and propagation constant (g) are firstly
calculated with respect to used electrical cable parameters as

follows:
R+ jwL
Zc = —— 1
¢ G+ jwC @)
g=1(R+jwL)(G + jwC), )

where ® is angular frequency, R, L, G, and C show
resistance, inductance, conductance, and capacitance of the
electrical cable, respectively. Later, ABCD matrix of the
PLC model can be derived by using (1) and (2) as
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Finally, transfer function of the power line network with
respect to the ABCD parameters is given as
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Fig. 3. Amplitude responses of the indoor PLC channel scenarios [8].

The size of the line parts and values of the impedances
can be changed to obtain various channel conditions. Using
the model in [8], three different channel scenarios between
0 Hz to 30 MHz is generated as can be seen from the Fig. 3.
The created channel scenarios can be regarded as: Channel
case #1 is the best, Channel case #2 is medium and Channel
case #3 is the worst communication environment for the
PLC applications according to attenuation values.

IV. SIMULATION RESULTS
The computer simulations by using Matlab are carried out
over the indoor PLC channels and two different LDPC codes
that have (96,48) and (1080,540) code lengths are used to
evaluate the BER performances of the LDPC coded OFDM

system. The soft and hard decision decoders are employed in
the simulations and the maximum decoding number is set to
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50 for all decoder types. The subcarrier space and cyclic
prefix of the OFDM system are also set as 468.75 kHz and
0.53 s, respectively.

Figure 4 depicts both uncoded and LDPC coded BER
results of the OFDM system in terms of signal to noise ratio
(SNR) over indoor PLC channel case #1. When the BP
decoder result is considered for (96,48) LDPC coded

system, it is observed that it provides nearly 9.5 dB
improvements in the BER level of 10°. The BER of
(1080,540) LDPC coded system shows 0.7 dB better

performance by comparing to (96,48) LDPC coded system

with BP decoder. When the performances of the hard
decision decoders are examined, it is seen that the IRRWBF
decoder outperforms nearly 0.5 dB than that of the WBF
decoder for both LDPC codes. Also it is noted that the hard
decision decoders represent up to 7.5 dB improvements for

BER of 107 according to the uncoded OFDM system.
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Fig. 4. BER performances of OFDM systems in the PLC channel case #1.

Figure 5 indicates the performance results obtained for the
coded and uncoded OFDM systems in the PLC channel case
#2. As expected from the increased channel attenuation, the
BER levels of 107 are achieved at very high SNR values of
the uncoded OFDM system. The coded OFDM system by

(96,48) code provides up to 11.5 dB improvements in the

BER level of 10 with thanks to the BP decoder than the
uncoded system. If the long LDPC code is considered for the
same conditions, (1080,540) LDPC coded system provides

an improvement of nearly 0.85 dB than that of the other
LDPC code at a BER level of 10™. When the results shown
in the Fig. 5 are analysed, it is also shown that the IRRWBF
decoder outperforms slightly better than the BP decoder
after 28 dB value of the SNR for both LDPC codes.
However, the WBF decoder is the worst one, and its
improvement is about 10 dB in the BER level of 107°
according to uncoded case.

The last BER results that are illustrated in the Fig. 6 are
performed for the PLC channel case #3. If the BP decoder
result for short LDPC code and uncoded case are compared,
the LDPC code attains 13.5 dB gain in the BER level of
107,
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Fig. 5. Performances of the OFDM systems for the PLC channel case #2.
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Fig. 6. BER performance comparison of OFDM systems over the PLC

channel case #3.
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In addition, the long LDPC code outperforms 0.75 dB
gain for BER of 10“*than (96,48) code for the same

decoder type. When the results of LDPC coded OFDM
system with (1080,540) code are considered, it is observed

that the IRRWBF decoder outperforms nearly 0.1 dB better
than the BP decoder after 37 dB SNR value. Furthermore,
the IRRWBF decoder is approximately 0.5 dB better than
that of the BP decoder after the 36 dB SNR for short LDPC
codes. As a final remark, it is important to note that the
improvements of the WBF decoder are about 13 dB for BER

of 10 for both LDPC codes.

V. CONCLUSIONS

This paper focused on the BER performances of the
coded and uncoded OFDM systems employed over the
indoor PLC channels. Unlike the previous studies, a new and
more realistic PLC channel model was utilized to evaluate
the performances of the OFDM systems in this study. The
computer simulations were performed for uncoded and

LDPC coded OFDM systems that utilize (96,48) and

(1080,540) LDPC codes. this, the

performances of soft and hard decision LDPC decoders were
also investigated regarding to the three different PLC

In addition to
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channel scenarios. The performed simulations in the PLC
channels showed that the LDPC codes can provide
significant improvement with an acceptable encoding
complexity when the BP or IRRWBF decoder is utilized on
the receiver unit.
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