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Summary 
The measurement campaign conducted by the OFCOM in 2004 in the neighbourhood of the city 
of Solothurn (Switzerland) has made it possible to evaluate the radiated interferences inside and 
outside buildings of PLC installations equipped with HomePlug modems. These modems, initially 
intended for the US market, are now also produced and sold in Europe. They currently dominate 
the market without any real competition and have obtained the CE mark wich give presumption of 
conformity with the essential EMC requirements of the applicable European directives. This 
equipment is sold freely on the Swiss market and is intended for domestic use. Its attractiveness, 
which is constantly growing, is due to the fact that it makes it possible to set up a low cost data 
transmission network using the domestic power network. 

The measurement campaign enabled a statistic assessment to be made of the radiated 
interferences. In order to ensure that the result is representative of Swiss properties in general, 
the measurements were taken in 5 single dwellings and in 5 multiple dwellings located in rented 
blocks. In all, more than 4400 measurements were taken using an automated measurement 
system specially designed for this purpose. Note that the validity of the results of this study is 
dependent on the specifications of the technology employed as well as to the specific features of 
domestic power networks in Switzerland. 

The study shows that the statistical median level of the interference radiation of PLC 
installations is high inside buildings, approaching 52 to 62 dBuV/m over the entire 
frequency band (4.49 to 20.7 MHz), except in the amateur radio bands. 
The study shows that the increase in radio interferences due to the operation of a 
“Homeplug” PLC installation leads to a reduction in the reception quality such that 
reception inside buildings becomes difficult or even impossible in the coverage area of 
the transmitter. Even reception of strong signals might be affected. 
In addition the study shows that the statistical level of radiated interferences of PLC 
installations inside buildings greatly exceeds the limits of the provisions of the German 
NB30 regulations throughout the entire frequency range. Radiation is also excessive 
outside buildings up to an approximate distance of 20 up to 50 meters depending of the 
frequency. 
In conclusion, the significant infringement of the limit of the NB30 regulations as well as 
an assessment of the modems in laboratory, it can be assumed that such modems are not 
in conformity with the essential requirements of the directives of the European Union. 
Despite a situation which may appear worrying, the risk of cases of interference should remain 
acceptable in Switzerland in the medium term, as more and more users are moving away from 
these frequency bands. The only exceptions are amateur radio operators, who are however, not 
overly concerned by the HomePlug system, which avoids their frequency bands. The OFCOM, 
as the regulator, will remain alert to any increase in the number of cases of interference and will 
amend its policy in this area if necessary. 

Therefore the risk of interference could quickly increase due to new broadcasting services (as 
DRM (Digital radio Mondiale) going to use these frequency bands. The next generation of 
modems that will allow data transmission rate up to 200 Mb/s could also affect frequency bands 
above 30 MHz. In order to protect broadcast and radio services, the OFCOM still see the NB30 
limit as the maximum acceptable for radiated interferences of PLC networks. 

The situation could be improved if the Homeplug alliance develops standard which allow a better 
management of the operating conditions of the modem. In particular in order to match 
permanently the frequency band and the output power to a minimum necessary during the 
transmission. Another solution is to set a frequency mask of the output power in order to protect 
the radio amateur and the broadcasting bands everywhere. 
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1 Initial situation 
 
The term „indoor PLC“ describes in the context of this report, a private Telecommunication 
network based on the power network.  
The public communication network is usually only accessible by means of a telecom service 
provider (e.g.  Telephony network, WLAN, etc.). 

1.1 Mission 
Tasked with an extensive examination of PLC technology, in order to protect the interests of the 
public and of safety services, we have devoted this PLC study to private networks (indoor PLC). 

1.2 PLC technology 
PLC technology may be used privately and is primarily used to bridge floors or premises using 
the power network thereby avoiding the requirement for an additional telecommunications cable 
connection. Today modems for this type of application are freely available on the market and can 
be used without any licence. At present a transfer rate of max. 14 Mbit/s is possible. However, 
there is already talking of 100 Mbit/s or more, which would allow video transmission in the future. 

With these systems, it is not possible to reach another private power network, because the 
electricity meter blocks the PLC signal. 

1.2.1 Indoor PLC modems 
Most commercially available indoor PLC modems are compatible with the “HomePlug” standard 
[ 15 ]. HomePlug is a consortium of several manufacturers and has been in widespread use for 
some years, primarily in USA. The Intellon Company has a virtual monopoly on HomePlug chips. 
All modems complying with this standard have the same chipset. The modems are compatible 
with each other, even if they are put on the market by different companies. This is why the 
measurement campaign prioritised this standard. The following section provides an overview of 
the HomePlug standard. 

1.3 Preliminary study by Yverdon School of Engineering 
On behalf of OFCOM the Yverdon School of Engineering (EIVD) first carried out EMC analyses  
[ 1 ] of indoor power line systems and focussed in particular on the following points: 
 

• Analysis of the PLC market 

• Analysis of PLC modems 

• Comparison of the different standards 

• Measurements on commercially available modems. 

 

1.3.1 Result of the analyses 
Analysis of the indoor PLC market showed that very rapid growth is taking place in this sector. 
Many of the best-selling indoor PLC modems were compatible with the HomePlug standard.  The 
current market share of this standard is 99%. 

These indoor PLC modems are available on the open European market. These modems claim 
the conformity with the essential requirement laid down in the European EMC directive 
89/336/EC or R&TTE directive 99/05/EC. 
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An evaluation of the modems in the laboratory by the EIVD , however, showed that indoor 
modems compatible with the Homeplug standard did probably not comply with the limit of the 
applicable standard EN 55022 (conducted measurement). The limit was exceeded by 
approximately 25 dB for all items of equipment. The report of EIVD, which provides a detailed 
description of the above-mentioned topics, is appended in the Annex and served as a valuable 
aid to OFCOM during this measurement campaign. 

1.4 Applied standards 
The EMC essential requirements are concretized by the harmonized standard EN 55022 [ 13 ]. 
These modems have to fulfil conducted limit value up to 30 MHz and radiated interferences limit 
above 30 MHz. However, indoor PLC modems HomePlug specified operate in the 5-21 MHz 
frequency range. That is, only the interference and harmonic waves produced by this equipment 
could be taken into consideration. 

To date no harmonized standard for telecommunication network is available to assess the 
conformity of the network. But in case of interference the limit value of the NB 30 [ 6 ] (RegTP’s 
Regulation for Use 30) must be applied for the radiated field strength in Switzerland. This is way 
the indoor measurements in the Solothurn area, like the measurements in Fribourg [ 3 ], were 
also compared with the NB 30. 

1.5 The HomePlug standard 
The specification of the current version (HomePlug V1.0) allows a data transfer rate of 14 Mbit/s 
with a theoretical range of 300 metres (in practice between 80 and 150 metres). The modems are 
plug-in compatible (plug and play) and security parameters can be programmed in a few steps. 
Security of transmission on the power line network is ensured with 56-bit encryption. 

1.5.1 Modulation, frequency band and output power 
The frequency band from 0 to 25 MHz is divided into 128 individual carriers. The used frequency 
range of the HomePlug standard (4.49 to 20.7 MHz) with OFDM is divided into 84 individual 
carriers with a bandwidth of 195.3 kHz. 

The amateur radio frequency bands (7.00-7.30, 10.10-10.15, 14.00-14.35, 18.068-18.168 MHz) 
are accommodated by 8 carriers which are permanently switched off. The 76 actuelly carriers are 
therefore available for data transmission. In case of interferences the relevant carriers are 
excluded and data are corrected by redundancy or a new request. 

The output power of the broadband signal is permanently set to -50dBm/Hz. 



Indoor PLC 

  Page: 6 

The figure below shows the PLC output signal measured according to the setup of the EN 55022. 
We can see here the individual carrier frequencies. The gaps in the amateur range are clearly 
visible, with attenuation in these frequency bands of the order of 30 dB. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 01: PLC output signal measured at the output of the ISN (measured according to  
EN 55022). The red dots represent the HomePlug standard carrier frequencies. 
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2 Indoor PLC measurement campaign  

2.1 Objective 
The first study in the city of Fribourg focussed in particular on a PLC system which operated over 
the “last mile” on the power network. This system was developed for indoor and outdoor 
operation by a power utility company as an internet provider service. OFCOM granted a trial 
licence for its operation and had the power to shut down operation if the licence was not 
complied with [ 7 ]. 

The indoor modems are now characterised by a CE conformity procedure. This means that they 
may be sold and operated in Switzerland without approval from OFCOM. OFCOM intervention is 
possible only in the event of interference with telecommunications equipment by PLC, in 
accordance with article 34 of the Law on Telecommunications. 

This led to the following objectives: 

• Measurement of the radiated interferences generated by indoor modems connected to the 
power network. 

• Assessment of the degradation of quality in radio reception inside building. 

• Comparison with the NB30 limits value, applied by the OFCOM in case of interferences. 

2.2 Preparations for the measurements 
In order to be able to carry out a measurement campaign that gives a realistic picture of the 
current situation within a short timeframe, we needed to restrict the number of buildings and to 
develop an automatic measurement procedure. The measurement system was also able to give 
us a diagnostic which allowed us to immediately declare that a measurement is valid or invalid.  

Above all, the indoor measurements were prioritised. 

2.2.1 Measurement parameters 
In order to provide a solid framework for the measurement we opted for the following parameters: 

• Buildings   (single and multiple dwellings constructed from various materials) 

• Environment  (indoor and outdoor area of buildings) 

• Power network  (different ways and means of laying the domestic power network) 

• Frequency  (frequency range of the indoor network, carrier frequencies) 

• Distance (distance of the measurement point from the modem infeed point and the 
reference point) 

 

Subject to the requirements of the above-mentioned measurement parameters, we took the 
following decisions: 

• 10 buildings (5 single dwellings and 5 multiple dwellings) 

• 1 measurement point per 10 m2 (this resulted in up to 16 indoor measurements) 

• 10 carrier frequencies (in the frequency range from 4.49 – 20.7 MHz) 

• 2 different measurements (with PLC signal and without PLC signal with RMS detector) 

 
This generated approximately 4400 measurements. The time spent on each dwelling was about 
2-3 days. 
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2.2.2 Selection of the test houses for the measurements 
When selecting the test houses, consideration was given to different types of construction 
(timber, brick, concrete, etc.), location and structure of the power network. All wiring was installed 
either under the plaster or in ducting (partial). The EMC environment of the chosen subjects was 
also a criterion. Thus single and multiple dwellings were chosen mostly in rural and suburban 
areas. 

The following map shows the location of ten different houses in which indoor PLC measurements 
were performed. The points marked in red represent the measurement locations of the single 
dwellings and those in blue the multiple dwellings. The numbering of the coloured points 
corresponds to the dwellings listed in detail in Annex 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 02: Locations of the single dwellings and multiple dwellings. (Red points show the 
single dwellings and blue points the multiple dwellings) 

 

 

2.2.3 Distribution of the measurement locations 
The measurement locations were distributed statistically inside the house on the different floors 
and on the ground outside. It was ensured that all interior fittings were also taken into account in 
the distribution. The distance to the walls as well as any metallic objects was kept strictly to 1 m. 
A measurement location density of at least 1 per 10 m2 was envisaged inside the building. The 
distance between measurement locations was set at a minimum of 3 m. The figure below gives 
an indication of the indoor distribution concept. 
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Figure 03: Distribution concept of the measurement location in a 100 m2 building 
 

 

The measurement locations outside the building were situated away from any outside walls and 
were distributed according to the diagram below. The reference point of the building in Swiss 
coordinates was taken at the northern corner of the house using GPS (Global Positioning 
System). 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 04: Distribution concept of the measurement locations applied outside the building. 

 

2.2.4 Project planning 
 

• Preparation of the indoor measurement campaign  January – mid-April 

• Indoor measurement programme     Mid-April – end of May 

• Analysis of the results      July – Sept 

• Drafting and presentation of the report   November 
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2.3 Measurement system 

2.3.1 Measurement systems for indoor PLC measurement 
The measurement system consisted of 2 subsystems, a receiving system and a PLC signal 
generator. 

The receiving system with the task of controlling the whole measurement process had to be 
implemented in such a way that there was neither a restriction on mobility nor a dependence on 
the network supply and modem data transfer. The data traffic, via a wireless LAN, was generated 
in the computer. This system could be switched on and off by remote control. The spectrum 
analyser (R&S FSH3) was linked to the computer’s RS 232 interface by a fibre-optic cable. A 
low-pass filter with a limit frequency of 30 MHz excluded all frequencies above this range. A lead-
acid battery was able to supply the system for more than 8 hours. The custom-made 
measurement system is shown in figure 6. 

 

Inside the house, as recommended in Reg TP 322 MV 05 Part 1 [ 5 ], the magnetic field was 
measured for all three axes using the loop antenna (Emco 6502) which then allows calculation of 
the equivalent field strength. 

Outside the house, the electrical field strength was measured for points more than 3 m away 
using the rod antenna (Emco 3301B). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Figure 05: Measurement system for PLC radiated interference 
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The picture opposite shows the practical construction 
of the receiving system, consisting of the following 
instruments: 

• HP Laptop (OmniBook XE3) 
with a WLAN card by D-Link  
(DWL-650+) 

• Remote control for switching the PLC adapter 
system on and off by Intertechno  
(Universal) 

• Spectrum analyser by Rohde & Schwarz  
(FSH3) 

• Hand cart (custom-made) with built-in low-pass filter 
(custom-made, limit frequency 30 MHz) 

• Lead-acid battery 12 V/38 Ah 

• Emitec AG loop antenna (EMCO 6502) 

• Emitec AG rod antenna (EMCO 3301B) 

• Emitec tripod with ball head 

 

 

 

 

Figure 06: Receiving system 

 
 

All antennas which were used with the receiving 
system are illustrated opposite and below. 

The active loop antenna was mounted on a tripod with 
a ball head. In the frequency range from 4.5 – 21 MHz, 
depending on the frequency, the sensitivity of the 
system attained its maximum between 25dBuV/m and 
30dBuV/m. The battery life of this system was in 
excess of 24 hours. 

 

 

 

 

 

 

 

 

Figure 07: Loop antenna with tripod and  
ball head (EMCO 6502) 
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The active rod antenna, equipped with a fitted 
aluminium sheet as a counterweight, had a system 
sensitivity of 15dBuV/m. The battery life of this 
system was in excess of 24 hours. 

 

 

 

 

 

 

 

 

Figure 08: Rod antenna (EMCO 3301B) 

 

 

The PLC signal generator has the task of simulating a modem section by modulating the 
existing power network with a transfer rate of approximately 6 Mbit/s. It also performed the 
additional function of an analyser for monitoring the transfer rate. 

In order to avoid the use of a second PLC modem to construct a network, a special PLC adapter 
system was developed by the EIVD. This system had the task of feeding the PLC signal into the 
power network using a PLC transformer. In this way the PLC signal could be distributed 
throughout the building and measured without taking a second infeed point into account. The 
adapter is presented in detail in the next section. 

The two systems were connected via a 2.4 GHz wireless LAN section on which the data rate of 
approximately 6 Mbit/s was transmitted and controlled. 

The remote control was used to switch the PLC signal generator on and off to enable 
measurement of the background noise without PLC. 

 

 

The picture opposite shows the 
practical construction of the PLC 
signal generator, consisting of the 
following instruments: 

• Compaq laptop (Evo N800c) 

• D-Link access point  
(DWL-900AP+) 

• PLC adapter system by the EIVD 

 

 

 

Figure 09: PLC signal generator  
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2.3.2 Specification of the “EIVD-modem” 
This concept was chosen so that on the one hand all outgoing and incoming data could be 
controlled from one computer and on the other hand the PLC adapter system could be switched 
on and off in order to ensure no PLC activity on the power network during measurement of the 
background noise level. It would not have been possible to completely switch off data traffic using 
standard equipment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Block diagram of feed into the power network with PLC “EIVD-modem” [ 2 ] 

 

 

 

In order not to generate additional 
interference on the power network, the 
laptop, the two PLC modems and the 
access point were supplied via a mains filter. 
These filters are located in the PLC adapter 
system; see figure 11 opposite, top left. The 
linear supply for the two modems, cooled by 
a fan, could be switched on and off by the 
434 MHz remote control receiver positioned 
in the centre of figure 11. 

 

 

 

Figure 11: Practical construction  
of the “EIVD-modem” 
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2.4 Measurement procedure 

2.4.1 Preparation 
Preparation of the measurement area entailed marking it out in accordance with the 
specifications of the measurement location distribution shown in figures 3 and 4. The two 
systems (PLC signal generator and receiving systems) could then be installed. 

Where possible, the PLC signal generator was permanently installed in the centre of an 
apartment or building. Depending on the situation, the infeed point for this system was 0.3 or 1 m 
above the floor. 

The receiving system controlled the whole measurement process. Only a few adjustments had to 
be performed manually. These included adjusting the 3 axes of the loop antenna and switching 
the PLC adapter system on and off. During the measurement process, the program indicated 
which actions had to be executed. The data transmission rate of approximately 6 Mbit/s was 
transferred via a WLAN from the receiving system to the PLC signal generator system and was 
simultaneously monitored by the latter. 

2.4.2 Measurements 
The measurements were taken using a spectrum analyser (FSH3). 

Indoors, the magnetic field was measured using the active loop antenna (Emco 6502) in all 3 
axes (x, y and z). The equivalent field strength was calculated from these 3 components. 

Outdoors, the magnetic field was also measured using the active loop antenna at 3 m and the 
electrical field was measured using the rod antenna (Emco 3301B) at a distance of 10 m and 20 
m from the building. 

All the results obtained were automatically corrected according to the corresponding antenna 
factors, the attenuation of the cables used and the low-pass filter. These data are provided in the 
Attenuation Factors annex. 

The PLC carrier frequencies were chosen to ensure optimal measurement of the 10 carrier 
frequencies. These were distributed over the entire frequency band from 4.49 to 20.7 MHz, with a 
spacing of about 1.5 MHz. Where possible, it was ensured that no interfering frequencies 
(broadband signal, effective signal from a short-wave transmitter, etc.) were present in the 
measurement range of these PLC carrier frequencies. The selected carrier frequencies were 
5.08, 6.45, 8.4, 10.55, 12.3, 13.48, 14.84, 16.99, 18.55 and 20.51MHz. 

Spectrum analyser 
With the span set to 300 kHz, the spectrum analyser had a resolution of 1 kHz/pixel. This 
resolution was sufficient to take a measurement with a bandwidth of 3 kHz or 10 kHz. 

The chosen detectors on the spectrum analyser (FSH3) were the peak detector (PEAK) and the 
RMS detector (RMS). In order to obtain a maximum of the signal to be measured, which 
consisted of individual short peaks (a broadband digital signal), the measurement was made in 
maximum hold mode. Only in this way could a good representation of the result be achieved as 
shown in figure 12. An optimum was achieved with a measurement time of 10 s for the PLC 
signal, but 3 s was sufficient in the case of the measurement of the background noise. 
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The measurements were always taken on the same centre frequency using the following three 
steps: 

 

• Measurements with PLC signal using the RMS detector, a bandwidth of 3 kHz and in 
maximum hold mode for 10 s with a span of 300 kHz. 

• Measurements with PLC signal using the peak detector, a bandwidth of 10 kHz and in 
maximum hold mode for 10 s with a span of 300 kHz. 

• Measurements of the background noise using the RMS detector, a bandwidth of 3 kHz 
and in maximum hold mode for 3 s with a span of 300 kHz. 

 

The following figure shows an example of the measured curves which were recorded by the 
spectrum analyser. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Measurement curves of a measured PLC carrier 

 

 
In order to compare our results with the limit value of NB 30, which is specified as a Peak value, 
we need to use a correction factor with our measurements, because they essentially represent 
an RMS value. A statistical assessment of our RMS and PEAK measurement yielded a 
correction factor of about 8.5 dB. 

Note we carried out RMS rather than Peak measurements to avoid disturbances due to spikes or 
transient signals from the power network. 
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3 Results 

3.1 General 

3.1.1 Introduction 
Processing of the measurements taken in the neighbourhood of Solothurn made it possible to 
evaluate the level of interference emitted by domestic powerline installations used for broadband 
data transmission featuring a PLC modem complying with the HOMEPLUG specifications [15]. 
This section presents the results separately for the measurements taken inside and outside 
buildings. The main aspect of our analysis related to the measurements taken inside buildings. 

This section shows an assessement of the degradation of radio reception which can be expected 
as a result of the increase in the radio interference level caused by the operation of the PLC 
installation.  

This section also includes a comparison of the results obtained with the limits of the provisions of 
the German NB30 regulations [ 6 ]. 

Our analysis covers a total of more than 4400 measurements, split into 2 main categories: 

a) Measurements of the RMS value of the interference potential of an active PLC modem, 
connected to the domestic power network. 

b) Measurement of the RMS value of the background noise (radio noise + broadcast 
transmitters), when the PLC modem is off. 

Note that all the measurements taken relate to one single HOMEPLUG modem infeed point 
inside the buildings. 

 

3.1.2 Preliminary statistical analysis 
Each statistical value dealt with in this section was obtained from a measurement of the power 
density spectrum centred on the frequency of a PLC carrier using a spectrum analyser. The scan 
is performed with a bandwidth of 3 kHz and an RMS (effective value) detector. A spectral image 
of a measurement is shown in figure 12. However the presented results are corrected to express 
the RMS value of the signal in dBuV/m, in a 9 kHz bandwidth 

The preliminary statistical processing relates to the analysis of a ±100kHz frequency band 
around the centre frequency of the carrier. The different data sets of statistical values obtained 
and analysed in this section are: 

“PLC carrier” data set: peak value of the PLC carrier obtained by extracting the median value 
over 40 kHz centred on the carrier maximum. It corresponds to the RMS value of the signal with 
a 9 kHz bandwidth. 

 “Background noise" data set: Median value of the radio spectrum in a 200 kHz frequency 
band, when the PLC modem is off. It corresponds to the RMS value of the signal with a 9 kHz 
bandwidth. 

"S/N ratio" data set: Median value of the S/N ratio calculated over 40 kHz in relation to the peak 
value of the PLC carrier. 

A pair of statistical values is designated as the values obtained from the same measurement 
taken at the same location and at the same frequency respectively with the modem active and 
then inactive.  
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The preliminary statistical processing also made it possible to validate the measurements. When 
the PLC modem was active, the measurement was deemed to be valid only if the spectral curve 
of the PLC carrier was recognizable. This criterion is essential if we want to ensure that the 
results unequivocally represent the PLC interference potential. When the modem was off, all the 
measurements of the power density spectrum were validated  

It should also be emphasized that the minimum measured values depend on the sensitivity of the 
measurement system used and do not therefore represent the actual radio noise level prevalent 
at the time of the measurement. This sensitivity is between 25 and 30 dBuV/m inside and about 
15dBuV/m outside buildings.  

3.1.3 Graphical representation 
The graphs presented in this section essentially show the level of radio interference as a function 
of frequency. Although the measurements were taken at only 10 distinct frequencies (5.08 / 6.45 
/ 8.4 / 10.55 / 12.3 / 13.48 / 14.84 / 16.99 / 18.55 and 20.51 MHz) in the frequency band used by 
the modems (4.49 - 20.7MHz), the linearity of the power network means we can extrapolate the 
values obtained along a continuous curve. 

A comparison of the limit values of the provisions of the German NB30 regulations is made on 
the basis of statistical processing of the peak values of the carrier. The level of pertinent radio 
interference used in this comparison is derived from the “CISPR 80% probability distribution” 
concept, which is defined as the upper limit of 80% of the values analysed. 

 

 

 

3.2 Assessment of the PLC interference potential inside buildings 
The statistical assessment inside buildings covers 2680 magnetic field measurements taken at 
134 different locations inside 10 buildings. These measurements resulted in 1340 statistical 
values relating to the “Background noise” data set and 1340 values relating to the “PLC carrier” 
data sets. Within the latter data sets, only 1321 values were validated. 

Figure 13 shows, in the form of a scatter graph, all the pairs of values in the “PLC carrier” and 
“Background noise” data sets. It shows the frequency dependence because the data are sorted 
left to right in ascending frequency order. 

It is apparent that the spread of the values of the “PLC carrier” data set is very large, with a 
minimum at 33 dBuV/m and a maximum at 77 dBuV/m, or a range of 44 dB. Looking at the 
pattern of dots, it can also be seen that the range increases with frequency (the right-hand 
section of the figure). 

The radio noise level represented by the “Background noise” data set covers a range of values 
extending from the measurement sensitivity of the system, between 25 and 30 dBuV/m, and 
maximum values located around 50 dBuV/m. In this case, observation of the pattern indicates a 
range which is greater at lower frequencies (the left-hand section of the figure). 
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Statistical values of PLC radiated interferences coupled
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Figure 13:  Representation of the radio interferences values of the “PLC carrier” and the 

“Background noise” data sets. The values are sorted left to right in ascending 
frequency order (5.08…20.51 MHz). 

 
 
Such a range of the “PLC carrier” data set may be explained by the influence of different factors: 

• The own layout and the size of the domestic electrical network The size of this may also 
increase the interference emissions if the dimensions approach those of the wavelengths 
in question 

• The operational state of the network which changes constantly, depending on the 
equipment connected or the state of the switches. 

• Local resonances which can increase the local interference emission levels at certain 
frequencies 

• The distribution of the energy injected by the PLC modem into the domestic power 
network  according to the branch circuits and impedances of the power network 

• “near field” type field structure inside a building or a given volume due to the cumulative 
effect of the radiated energy emanating simultaneously from several sections of the 
installation. 
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3.2.1 Assessment based on the peak values of PLC radiated interference 
The following figures present a statistical assessment as a function of frequency. This 
assessment is intended to give a result which is independent of the number of observation points 
selected in each of the buildings. In order to maintain correct weighting of the values in the 
assessment of the median value in figure 15, we are obliged to process the values in two stages. 

The first phase is to evaluate the buildings individually to derive the 80% probability distribution of 
the EMI level as a function of frequency. The result of this individual evaluation is shown in figure 
14. In this figure, a distinction is also made between single dwellings and multiple dwellings. The 
dashed lines represent the results in the multiple dwellings, and the solid lines those in the single 
dwellings. 

We derive then the median value shown in figure 15 using these results. The maximum and the 
minimum of the whole range are also shown in this figure. 

 

Statistical results of PLC radiated interferences inside buildings
Peak value of PLC carriers, probability distribution 80%, RMS detector, 9kHz BW 
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 Figure 14:  Level of PLC interference potential as a function of frequency, in multiple dwellings 

(dashed line) and single dwellings (solid lines), for an 80% probability distribution. 
The results represent an RMS measurement with a 9 kHz bandwidth. 

 

A visual analysis of this graph indicates that the PLC interference potential is independent of the 
type of building. The frequency behaviour of each of the power networks is unique and has 
minima and maxima at different points. Overall, these graphs do not indicate any general trend in 
terms of high or low frequencies. 

The highest level is about 70dB and the lowest 43 dB, giving a range of variation of the results of 
about 27dB. 
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3.2.2 Comparison with the NB30 limits 
The comparison of limits is a delicate operation and is intended to define the extent to which the 
results are comparable. 

The German NB30 [ 6 ] regulations specify a limit between 1 and 30 MHz corresponding to the 
peak value of the radio interference measured with a 9 kHz bandwidth [ 5 ], the measurement 
being taken at a reference distance of 3 meters from the nearest point of the power network. For 
our measurement programme, the measurement distance was systematically chosen to be 1 m 
from the interior walls of the building, but the actual distance to the electrical network was never 
known. Here we are therefore comparing the values actually measured inside the buildings with 
the NB30 limit, without correction for the reference distance. 

Laboratory measurements on the PLC Homeplug modem [ 1 ], as well as our on-site 
measurements in Solothurn, enabled us to determine the correction factors applicable between 
the different types of detectors recommended in standards. These values, shown in table 1, may 
vary depending on the modem’s transmission speed. In this case, they are valid for speeds 
greater than 50% of the maximum rate of 14 Mb/s. 

 
 
Table 1: Correction factors related to the RMS detector used in the measurement campaign 

Type of measurement Relevant 
standard 

Correction factor 
[dB] 

RMS detector (9kHz) - 0 

Quasi-peak detector (9 kHz)  EN55022 -3 

Peak detector (9kHz) NB30 +3 

 

A correction factor of –3dB had to be applied to the NB30 limit in order to correspond to the RMS 
detector used in the measurement campaign.  
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Figure 15: Comparison of the measurement results inside buildings with the limit of the 

provisions of the German NB30 regulations corrected by -3 dB. The results 
represent an RMS measurement with a 9 kHz bandwidth. 

 

This figure shows that the PLC interference potential greatly exceeds the NB30 limits inside 
buildings.  The median value of the results exceeded the limit by more than 25 dB.  
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3.3 Reduction in reception quality inside buildings 
 

The reception quality of an analogue radio signal is expressed as its signal-to-noise (S/N) ratio. 
Our study attempts to highlight the reduction in the S/N ratio when a PLC modem is operated, in 
relation to the prevailing background noise prior to its operation. 

Background noise is to be understood as the cumulative total of “non-PLC” energy emitted by 
multiple sources at different frequencies. Apart from known natural sources of noise, there is also 
the noise radiated by the domestic power network. It is caused by the interference conducted or 
radiated directly from the electrical equipment connected to the power network and varies with 
time. There are also external noise sources, for example the overhead wires of the rail network or 
public transport (buses, trams). Signals emitted by distant short wave transmitters are another 
component of the power density spectrum. However, the preliminary statistical processing makes 
the impact of these on the result negligible, as it tends to extract its median value of the 
broadband content. Our measurements, however, have shown that in most places the domestic 
power network was the main source of the background noise. 

The frequency response of the S/N degradation shown in the figure 16 is represented by the 
"S/N ratio" data set calculated during the preliminary statistical processing 
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Figure 16:  Variation of the S/N ratio as a function of frequency related to the peak value of the 

PLC carrier, for all buildings combined. 

 

This graph shows an increased degradation of the median value of the S/N ratio above 10 MHz. 
Such a major degradation may totally prevent reception of the weakest transmitters and may also 
seriously affect reception of strong signals in their coverage area. 
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3.4 Assessment of the PLC interference potential outside buildings 
 

The level of PLC radiated interference was measured outside buildings at distances of 3, 10 and 
20 meters from the outside wall. The graphs shown here are taken from the “PLC carrier” data 
set. It consists of 790 measurements, of which 521 were valid measurements, taken at 79 
different locations. The large number of measurements declared invalid is primarily due to the 
inadequate sensitivity of the measurement system. 

Since the measurements outside buildings were not a priority objective, we took a limited number 
of measurements. Consequently, the analytical uncertainly of the result is markedly increased. 
Here in particular it is not possible to evaluate each of the buildings separately, as we did for the 
indoor measurements, and then combine the results within an overall assessment. We therefore 
chose to process the results solely as a function of distance and frequency, for all the buildings 
combined. The results obtained in this way are intended to give an approximate assessment of 
radiated interference when the modem is active together with the attenuation as a function of 
distance from the building. 

As stated previously, two distinct measurement systems were used outside the buildings: namely 
the EMCO 6502 loop antenna at 3 meters and the EMCO 3301B electrical antenna at 10 and 20 
meters. Comparative measurements taken at 10 meters showed that the measurement of the 
electrical field becomes pertinent from this distance, providing increased measurement sensitivity 
of about 10 dB. 

Table 2 gives the intensity of the peak value of the PLC carrier at the different distances 
measured, for a probability distribution of 80%. This table indicates a distinct decrease of the field 
strength with distance, of the order of 20 dB/decade. Here note also, as for the indoor 
measurements, the considerable range in the values, regardless of distance. 

 

 

 
Table 2: PLC radiated interference potential as a function of distance for peak value of the 

PLC carriers with a probability distribution of 80% (all frequencies and all buildings 
combined). The results are expressed as a peak RMS value with a 9 kHz 
bandwidth. 

Distance to building [m] 3 10 20 

Peak value of PLC [dBuV/m] 
Probability distribution 80%. 48.5 36.5 33.1 
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Figure 17 shows the interference field strength of the power network as a function of frequency. 
The dots show the assessment at the different distances, for a probability distribution of 80%. 
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Figure 17: PLC radiated interferences outside buildings, as a function of frequency, for distances 
of 3, 10 and 20 meters. The NB30 limit corrected by –3 dB is also shown. The result 
is expressed as a peak RMS value with a 9 kHz bandwidth. 

 

 

The graph shows the maximum intensity of the PLC radiation at a distance of 3 meters. The 
intensity increases with frequency with a peak of approximately 54 dBuV/m at 18 MHz, i.e. about 
10 dB lower than the median level measured inside the buildings (shown in figure 15). 

This figure clearly shows that the PLC interference decreases with distance. At distances over 10 
meters, the intensity cannot be accurately determined below 10 MHz because it is lower than the 
background noise or lower than the sensitivity of the measurement system. 

Since the assessment uncertainly is greater here, it is a delicate matter to make a comparison 
with the limits of the NB30 regulations. However, given the intensity of the radiation measured at 
a distance of 3 meters, we can conclude that this limit is greatly exceeded over the entire 
frequency range, and that this effect is more pronounced above 10 MHz. As with the comparison 
of the results inside buildings, here the NB30 limit had to be corrected by -3dB (as shown in table 
1). Figure 17 shows that the limit is complied with for distances of 20 up to 50 meters depending 
on the frequency. 
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3.5 Statistical assessment as a function of distance 
In a comparison with the NB30 limit, the result of measurements taken at distances other than 
the 3-meter reference distance must be corrected. If the distance is less than 3 meters, the 
correction is 20 dB/decade. If it is greater, it has to take into account the actual attenuation of the 
signal, relative to a distance of 3 meters. 

In practice, inside a building, the distance from the measurement location to the nearest part of 
the power network is unknown, because the power network is concealed inside the walls, the 
ceiling and the floor. Moreover, inside a building, the radiated energy does not emanate from a 
point source but from the power network in its entirety. The measured value is therefore the 
cumulative total of the radiation emanating from several parts of the installation. Our 
measurements were taken at distances of 1 and 3 meters, respectively, from the modem’s infeed 
point. 

Note that the measurement location at 3 meters is always positioned towards the centre of the 
building (see figure 3). The statistical analysis of the difference between the 2 measurements is 
shown in figure 18. 

Attenuation of PLC radiated interferences inside buildings
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Figure 18: Cumulative distribution function of the attenuation of the PLC radiated interferences , 

between a measurement at 1 m and at 3 m from the modem infeed point within the 
same premises. 

This figure shows a range of variation of the results of between +10 and –17 dB. Note also that 
60% of the values are between -7 and 0 dB (difference between 20% and 80% probability 
distribution) and that the median value is -3 dB. This result is obtained from 100 measurement 
pairs (1 and 3 meters), for all buildings and all frequencies combined. In view of these results, we 
can state that the spread of the values is such that one cannot determine a correction factor 
statistically, which is valid inside a building. We notice that the median value of -3dB is far from 
the theoretical value of -10dB and can be neglected. 

We therefore recommend a direct comparison of the measured values with the limits of 
the NB30 regulations. 
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4 Conclusions 
The Solothurn measurement campaign has enabled us to make a statistical evaluation of the 
interference potential of PLC installations inside buildings equipped with a HOMEPLUG modem. 
In view of the limited number of measurements, the result obtained outside buildings must be 
considered as for information only. 

The result of this study is dependent on the specifications of the technology employed, such as 
the power delivered by the modems, the type of modulation and the specific features of the 
power network in Swiss households. 

The study shows that the statistical median level of the interference radiation of PLC 
installations is high inside buildings, approaching 52 to 62 dBuV/m over the entire 
frequency band (4.49 to 20.7 MHz), except in the amateur radio bands. 
The study shows that the increase in radio interference due to the operation of a 
“HomePlug” PLC installation leads to a reduction in the reception quality such that 
reception inside buildings becomes difficult or even impossible in the coverage area of 
the transmitters. Even reception of strong signals might be affected. 
In addition the study shows that the statistical level of radiated interference of PLC 
installations inside buildings greatly exceeds the limits of the provisions of the German 
NB30 throughout the frequency range. The NB30 levels were also exceeded outside 
buildings up to an approximate distance of 20 to 50 meters depending on the frequency. 
In conclusion, given the significant infringement of the limit of the NB30 regulations as 
well as evaluation of the modems in laboratory, it can be assumed that such modems are 
not in conformity with the essential requirements of the directives of the European Union. 
Finally, our measurements show no correlation between the distance from the network 
and the intensity of radiated interference inside buildings. We therefore recommend a 
direct comparison of the measured values with the limits of the NB30 regulations. 
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5.2 Glossary 
 

CCIR Comité Consultatif International des Radiocommunications 

CEN Comité Européen de Normalisation 

CENELEC Comité Européen de Normalisation Electrotechnique  

CEPT Comité Européen des Postes et des Télécommunications 

CISPR Comité International Spécial des Perturbations Radioélectriques 

ECC Electronic Communication Committee (CEPT Committee) 

EIVD Ecole d’Ingénieur du Canton de Vaud (Yverdon School of Engineering) 

EMC Electromagnetic Compatibility 

EMI Electromagnetic Interference 

ETSI European Telecommunications Standards Institute 

EU European Union 

EUT Equipment Under test 

ISN Impedance Stabilisation Network 

LTC Law on Telecommunications dated 30 April 1997; RS 784.10 

NB 30 Nutzungsbestimmungen 30 

OFCOM; BAKOM Federal Office of Communications 

OFDM Orthogonal Frequency Division Multiplex 

PLC or PLT Powerline Communications 

PP PLC Interference potential of a PLC installation 

R&S Rohde & Schwarz 

RegTP Regulationsbehörde Telekommmunikation und Post 

S/N Signal/Noise ratio 
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Appendix 01:  EMC ANALYSIS OF POWERLINE SYSTEMS 
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Appendix 02: PLC TERMINAL EQUIPMENT, DESIGNED FOR THE 
MEASUREMENT CAMPAIGN 
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Appendix 03: EXAMPLE OF A SINGLE DWELLING 
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Appendix 04: TEST HOUSES 



Indoor PLC 

  Page: 5 

Appendix 05: MEASUREMENT POINT DATA 
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Appendix 06: 30 MHZ LOW-PASS FILTER 
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Appendix 07: ATTENUATION FACTORS 
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