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Abstract: This paper proposes a technique aiming at reducing
significantly the electromagnetic field radiated by indoor PLC
signals, while not affecting the PLC signal itself. The basic
idea is to take advantage of the additional ground conductor
and inject a signal similar to the PLC signal into the groundneutral line, but with a reversed phase. As a result, both the
overall antenna mode- and transmission line mode-currents are
significantly reduced, as well as the radiated electromagnetic
fields.
Numerical simulations obtained using NEC (Numerical
Electromagnetics Code), as well as experimental measurements are also presented. It is shown that the proposed
technique allows for a significant reduction (up to 20 dB) of
the PLC electromagnetic radiation in the considered indoor
frequency range (10-30 MHz).

The aim of this paper is to present a simple technique to
mitigate PLC radiation within buildings and validate it through
experimental measurements.
1. D ESCRIPTION OF THE PROPOSED TECHNIQUE
We propose a method to reduce the electromagnetic interferences associated with PLC signals along indoor low
voltage networks [9]. The method is specifically developed
for indoor applications (see Fig. 1) and applies to the general bi-directional data transmission systems (downstream and
upstream).
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INTRODUCTION
Distribution power lines have been used for decades to
transmit specific data pertaining to the network operation
or to various services offered by electrical utilities to their
customers.
In the last few years, feasibility studies have been performed
in various countries to demonstrate the possibility of using the
low voltage distribution network to provide data transmission
services to individual customers at frequencies up to 30 MHz
(see e.g. [1], [2]). PLC transmission systems in the frequency
band extending from 1 to 30 MHz present various and quite
complex EMC problems (e.g. [3]–[7]). One of the main
problems is the emission of electromagnetic noise, which can
interfere with services such as public and amateur radio.
Several techniques have been proposed to mitigate electromagnetic interferences caused by PLC systems in outdoor
environment, as discussed below. However, to the best of our
knowledge, the mitigation of indoor radiation has not been
addressed in the litterature, although generally more critical
compared with outdoor radiation (unshielded conductors and
short distances). Dostert, in [8], proposes measures of network
conditioning to reduce electromagnetic interferences, however,
he states: “Unfortunately the above results cannot be transferred to the indoor network. High speed PLC within buildings
will remain a severe EMC challenge, because there are no
possibilities for conditioning”.
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Fig. 1.

Illustration of the indoor PLC environment

In PLC applications, the signals are coupled to the line
formed by the phase and the neutral conductors. In Fig. 2,
the low voltage grid is schematically represented by a single
cable.
In this case, the current flowing along the line (formed by the
phase and the neutral conductors) can be divided into two components called antenna mode and transmission line mode [10],
respectively. Both these modes radiate electromagnetic field.
However, because the current flows in the same direction in
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Fig. 2.

Classical coupling of PLC signals onto an indoor low voltage network

antenna mode, the field radiation is much higher than that of
the transmission line mode.
The idea is to take advantage of the often present additional
ground conductor and inject an auxiliary signal with the aim
of reducing the overall antenna mode and transmission line
currents. The auxiliary signal, injected into the line formed by
the ground and the neutral conductors, has the same amplitude
and shape as the PLC signal but with an opposite phase.
Mathematically, if the original PLC signal transmitted through
the line formed by the phase and the neutral conductors
is given by S1 = s(ω)ejα(ω) , the signal injected into the
line formed by the ground and neutral conductors would be
S2 = s(ω)ejα(ω)+jπ .
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Fig. 4. Distribution of the transmission line mode and the antenna
mode currents resulting from the proposed technique
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1) a classical coupling (Fig. 5a) in which the signal is
injected between the phase and the neutral of the power
cable,
2) the proposed coupling method without terminating
impedances (Fig. 5b) in which an opposite-phase signal
is injected into the line formed by the ground conductor
and the neutral; and, finally,
3) the proposed coupling method is considered with the
ground-neutral line terminated on an impedance equal
to that of the phase-neutral line (Fig. 5c).

Fig. 3. Illustration of antenna mode current and transmission line
mode current components
2.7m

The resulting current distribution is qualitatively illustrated
in Fig. 4. As it can be seen schematically from the figure, both
antenna mode and transmission line mode current components
associated with the two signals S1 and S2 tend to cancel each
other, therefore reducing the associated electromagnetic field.
The performance of the proposed technique will improve
when the two lines (phase-neutral and ground-neutral) are
terminated by the same impedances. For this reason, the
proposed system includes terminal matching impedances in
series with low-frequency decoupling capacitors.
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2.1. Configuration
To study the performance of the proposed technique, we
have considered a simple test configuration consisting of a
single horizontal power cable of 2.7 m length, located 1 m
above ground. The PLC signals are injected into the cable
considering
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Fig. 5. Test configurations: (a) classical coupling of PLC signal to the
line formed by the phase and neutral conductors; (b) proposed coupling, ground-neutral line open-circuited; and (c) proposed coupling
with ground-neutral line terminated on an impedance equal to that of
the phase-neutral line. The impedance used in numerical simulations
and in measurements Z = 50 Ω.

2.2. Numerical simulations
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We have used the well-known Numerical Electromagnetics
Code (NEC-2) [11], [12], which solves the electromagnetic
field integral equation in the frequency domain using the
method of moments to test the proposed method.
Figure 6 shows the magnetic field calculated at a distance
of 1 m from the line center for the three considered configurations. It can be seen that the injection of the auxiliary
signal into the ground-neutral line results in a magnetic field
reduction of about 20 dB in the considered frequency range.
It can also be seen that a proper termination of the groundneutral line will result in additional significant reduction of the
radiation.
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Fig. 7. Magnetic field radiated by an indoor PLC signal according
to test configurations described in Fig. 5.
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2.3. Experimental Results
Experimental tests were also carried out in the semianechoic chamber of the EMC Laboratory of the Swiss
Federal Institute of Technology in Lausanne. We performed
our measurements on the simple test network composed of
a 2.7 m power cable with three conductors (phase-neutralground) located at a height of 1 m above ground (see Fig. 5).
A high frequency generator was used to inject a harmonic
signal of 3 V amplitude with frequencies sweeping from 10 to
30 MHz through a power split which allowed us to have two
similar PLC signals with an opposite phase. We measured the
three components of the radiated magnetic field using a loop
antenna connected to a spectrum analyser. The antenna was
located 1 m away from the line center and with the same height
as the cable. This measurement set-up was in accordance with
the one used for the simulation.
Figure 7 presents the measured magnetic field, for the three
considered configurations (Fig. 5). It can be seen that the
experimental results corroborate qualitatively the numerical
simulations and show the same trends. Differences between
simulations and measurements can be explained considering
the simplifying assumptions in the model (simplified representation of the cable, neglecting the conductors’ insulating
jacket), as well as experimental uncertainties.
3. CONCLUSION
This paper proposes a method to reduce the electromagnetic
interferences associated with PLC signals along indoor low

voltage networks. The method is specifically developed for
indoor applications and applies to uni-directional and bidirectional data transmission systems (downstream and upstream).
The proposed method consists of the injection of a signal
similar to the PLC signal into the ground-neutral line but with
an opposite phase. The efficiency of the proposed method has
been demonstrated by numerical simulations performed using
NEC.
In addition, experimental data obtained on a test network
have confirmed that the proposed technique allows for a
significant reduction (up to 20 dB) of the PLC electromagnetic
radiation in the considered frequency range.
It is also shown that the performance of the proposed
technique increases when the ground-neutral line is terminated
on an impedance equal to that of the PLC modem.
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