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Abstract

In this paper, we propose Turbo equalizer scheme using zero-forcing (ZF) and simulate in power line communication (PLC) systems
with high speed. Due to impulsive noise and multipath fading in PLC systems, inter-symbol interference (ISI) happens. We employ Tur-
bo equalizer scheme to get over ISI and improve performance. From simulation results, it is confirmed that the proposed Turbo equalizer

can remarkably improve PLC system performance.
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1. Introduction

Smart grid has been an important issue not only for electric indus-
try but also for the industry overall such as car, power distribution,
computer, communication, and so on. The smart grid provides a
variety of services such as home area network (HAN), supervisory
control and data acquisition (SCADA), energy management ser-
vice (EMS) and distribution automation system (DAS) by con-
verging with IT techniques [1-2].

Behind above advantages, there are several challenges should be
solved. One of them is impulse noise, which is caused from ran-
dom on/off of electrical devices. Its power spectral density (PSD)
can be as much as 50dB higher than the background noise spec-
trum. Therefore, it can erase data symbol blocks while data is
transmitted [3].

In this paper, to compensate the channel effects and mitigate im-
pulsive noise in power line communications (PLCs), we employ
Turbo equalizer which is stronger than other linear equalizer
schemes.

2. Channel Model for PLCs

The power line medium is an unstable transmission channel owing
to the variance of impedance caused by the variety of appliances
that could be connected to the power outlets. The impedance is
mainly influenced by the characteristic impedance of the cables,
the topology of the considered part of network and the nature of
the connected electrical loads. M. Zimmermann and K. Dostert [4]
proposed a multipath scenario with frequency selective fading and
the scenario is considered in this paper. The delay t_i of a path
and the channel model is referred to [4-5].

3. Turbo Equalizer

We describe Turbo equalization and its process. When binary data
is concerned, such as the bits ay, it is convenient to work with

log-likelihoodratios (LLRs) rather than probabilities. The LLR
L(a) including the same information as any of the two a prior-
iprobabilities for P(a = 1)or P(a = 0)forbinary variablea given y
is defined as:
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From Bayes rule, the equalizer outputs a posteriori LLR defined as:
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where P(c, = +1|y) and P(c, = —1|y) are probabilities that
transmitted signal ¢, is +1 or -1 wheny is received, respectively.
Further, Vc: ¢, = +1 means the case that k" element of arbitrary
cis “+1’. P(y|c) is joint probability density function (PDF) for
received signal y when the transmitted signal is c. P(c;) is proba-
bility for k" element of c. A(ck|y) is consisted of two elements,
so-called the extrinsic information L. (c|y) and the intrinsic (a-
priori) information L(cy). A(ck|y) can be transformed to probabil-
ities as below:

exp(—c- A(c, |y))
L+exp(=A(cc 1Y) (4)

P(c=cly)=
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where ¢ € {0,1}. After de-interleaving P(c,|y) to P(byly), we
confront the classical problem of decoding a binary convolutional
code with probabilistic input.

4. Simulation Results

Simulation is carried out in the number of power line branches is
five. The length of branches is set up randomly in the range of 2m
to 10m every packet. And it is 60m that the length of main line.

The state of each device at the end of branch is randomly on or off.

Last, BPSK modulation formats are used as modulation method.
We analyzed performance with regard to bit error rate (BER).

In the case using ZF only, The result shows that BER performance
is about 14dB at 10~2 point and 24dB at 10~3point, whereas, in
the case of ZF with Turbo equalizer, it shows about 11dB and
16.5dB at BER of 10~2and 1073, respectively. As signal-to-noise
ratio (SNR) is getting lager, performance improvement is bigger.
Also, the performance is improved as the number of iteration for
Turbo equalization increases, but amount of performance im-
provement is smaller.

5. Conclusion

In this paper, we proposed and simulated Turbo equalizer scheme
using ZF for high speed power line communication systems in
order to overcome the effect of ISI caused by impulsive noise and
multipath fading. From simulation results, it is confirmed that
performance of the proposed system can be remarkably improved
when the Turbo equalizer applied.
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