
A ROADMAP FOR CHARACTERIZING BPL MODEMS  
WITH RESPECT TO EMC: Part A: General Concept 

 
Johan Catrysse, Filip Vanhee, Jos Knockaert 

 
KHBO, Flanders Mechatronics Engineering Center, Zeedijk 101, B 8400 Oostende (Belgium)

Abstract
By the introduction of BPL in order create a network for datacommunication, the problem raises about the 
interference with the established radio services in the frequency range from 1.6 upto 30 MHz.  
Normally, it is assumed that similar protection levels should be defined as per CISPR 22.  
But the problem is that a BPL modem is conceived to generate Differential Mode (DM) signals, and that measuring 
methods as per CISPR 22 were defined to measure Common Mode (CM) signals forthcoming from equipment. 
Therefore, specific measuring and test environments must be defined for the characterization of BPL modems. 
 
1. Introduction 
A CISPR/I/PLT CISPR22-PLT Working Group has been formed, in order to set measuring methods and proposing 
limits, in order to protect established radio services, in the 
frequency band from 1.6 up to 30 MHz and due to possible interference forthcoming from BPL modems. 
When carefully analysing the given problem, it follows that it should be divided into different parts, depending on 
the final aim. The reason is that a combination of effects is occurring and interacting, namely the quality of the 
power mains network and the quality of the BPL modems. For both items, the question is about the conversion from 
Differential Mode (DM) signal transmission into a Common Mode (CM) interference signal. 
In practice, there may be three different test and measuring problems to be identified: 
 
1.1. the quality of the power mains network (PMN) itself, and its characteristics about the unbalance of the network 
with respect to the Protective Earth (PE) and/or the Far Earth (FE). In this text, PE is used for the earth wire and FE 
is used for the earth as provided by the environment. Measuring methods related to this parameter may be identified 
as Longitudinal Coupling Loss (LCL), Mains Decoupling Factor (MDF) and similar ones. 
 

1.2. the quality of a BPL modem, so that it could be CE labelled with respect to the EMC Directive and/or the 
R&TTE Directive. In this case, characterisation should 
be done against a well known and well defined power mains reference network, certainly concerning its DM, CM 
impedances, K-factor or its LCL/MDF value. 
 

1.3. the radiated emission by an operated PLT/BPL system ”in situ”, showing the overall quality of the combined 
power mains network and the BPL modems used, especially in case of interference occurring. 
 
2. General considerations 
A first point to be considered is the fact that existing power mains networks are an active part of the systems under 
test. It means that in practice, only wall sockets are accessible and the wiring will be hidden in the walls. The 
question may be raised about the application of a type of ”Auxiliary Wiring” (AW), allowing easy access to the 
wires. This is sketched in figure 1. The questions on the use of an AW will be about the length of this wiring, the 
termination of it, concerning both DM and CM termination and its quality with respect to LCL or MDF. This must 
be standardised and of high quality, so that the measured result is not depending on this AW, but is showing the 
characteristic of the actual PMN under test.  

 

 
 

Figure 1. Drawing showing the principle of the Auxiliary Wiring needed 



A second point is dealing with the measurement of CM signals at lower frequencies. Referring to recent 
developments, both technical and in standardisation documents, non-contacting measurements are possible using 
appropriate current clamps, a Capacitive Voltage Probe (CVP) or the like, as described in CISPR 22 and CISPR 16. 
As PLT/BPL may be considered as a type of datacommunication between two systems, the question may be raised if 
tables 3 and 4 of CISPR 22 [2] apply and what is the relationship with the protection of established radioservices due 
to the accompanying radiated emission?  
A third point is just a reference to Annex E of CISPR 22, where an expression is given for the estimation of the CM 
current on a communication cable, in function of the DM signal applied and the different impedances of the system. 

 

 
 

Figure 2. Tables for CE at communication ports, as by CISPR 22 (prEN 55022:2005) [2] 
 
But anyway, classical AMN or LISN networks can not be used, because they were only designed to measure CM 
signals forthcoming from equipment, and the unbalance introduced by these networks is not simulating the 
asymmetry of a PMN. At least, a specific AMN should be designed, measuring the resulting CM signal, generated by 
mode conversion due to the unbalance of the PMN. So the specific AMN should have a similar unbalance as an 
average PMN network. Therefore, one of the basic and fundamental questions is on determining an average 
unbalance value for active PMN networks (outside and in home). 
 
3.  Radiated emission from a BPL system “in situ” 
This test should be performed in case of complaints, because it is the only one that will show the correct radiated 
emission level in the practical ”in situ” situation, at the location of possible interference. Indeed situations may 
appear where no direct access is possible neither to the BPL equipment, neither to the PMN. 
Due to practical reasons, measurements should be performed using appropriate loop antenna’s, with calibrated H-
field antenna factors. The option should be for the H-field measurement, because these tests might be done in the 
near field of the network, certainly at the lower frequency end. As the physical phenomenon is the induced voltage in 
a loop due to varying incoming H-field, this is the correct antenna factor to be used. 
In the next figures, an example is shown of a measuring setup using a set op BPL modems (Packard Bell [3]) 
interconnecting 2 laptop PC’s via their USB output. Measurements are performed using a loop antenna R&S HFH2-
Z2, R&S ESPC receiver and the CDN coupling device as provided by the Open University, UK. 
 
 

 
 

Figure 3. Schematics of CDN coupling network 

 
 
Figure 4. Picture of the measuring setup, showing the 

loop antenna



First of all, as a reference, the noise is measured, both on the power mains (labelled as #bakje2) and what may be 
considered as the ingress noise, and as received by the loop antenna. It may be noted that in this case, the 
measurements were taken in a laboratory room of a building having a high attenuation of radio path transmission. 
The measuring results for the loop antenna are the voltage received at the antenna-connector, without taking into 
account the appropriate antenna factor of the antenna. 
In the next figures, the spectra are shown when the BPL modems are activated and data transmission is taking place.  
The antenna factor AF of the loop antenna into the H-field value is -32 dBµA/m / dBµV, which allows the 
recalculation from measured voltage into the H-field strength. 

 

 
Figure 5. Spectrum of BPL communication,  as measured using the CDN,  

as a conducted signal on the power mains at 2 different places 
 
 

 
Figure 6. Background noise levels, without BPL 

communication 

 
Figure 7. Spectrum during BPL communication, as received 

by the loop antenna

Alternatively, taking into account the general considerations on the application of an AW and measuring techniques 
related to conducted emission, the CM current or CM voltage may be measured by the use of appropriate current 
clamps or voltage probes, providing measuring results for the conducted phenomenon. 
 
4. Characterisation of the Power Mains Network (PMN) 
The characterisation of the power mains network regarding the use of PLT/BPL is dealing with the possible 
conversion effect of DM signal transmission into a CM interference signal. Different options are possible for the 
characterisation of this parameter: 
• Measurement of the so called LCL parameter or  Longitudinal Coupling Loss 
• Measurement of the so called MDF parameter or Mains Decoupling Factor 
• Measurement of the so called CLM parameter or  Coupling Loss Mains 
• Measurement of the so called MCF parameter or  Mode Conversion Factor 
• Injecting a DM signal and measuring the related  K-factor at a given distance from the wiring 
 
As discussed above, the “classical” measurement setup using an AMN or LISN, which has not been designed for this 
application, must be excluded. A detailed discussion on the measuring methodology for the mentioned parameters is 
given in an accompanying but separate paper (Part B). 



5.  Characterisation of a BPL modem 
The next question is about the characterisation of BPL modems for their EMC behaviour and consequently for the 
European CE marking. Therefore, a well defined ”artificial” power mains network is needed to be used as a 
reference load and must be described in function of it’s: 

• DM and CM impedances 
• cable-length of the ”artificial” power mains network 
• type of wiring and heigth above ground plane 
• K-factor of this wiring 
• LCL and/or MDF parameter or other parameters 

In more, the measuring probe should be well balanced, so that the probe itself is not influencing the mode conversion 
from the DM signals into a CM interference. By connecting in a standardised way a set of BPL modems to this 
reference network, the following resulting parameters may be defined or measured: 

• radiated H-field at a given distance, using a calibrated loop antenna 
• LCL and/or MCF parameter or another appropriate parameter of this unit. In this case, appropriate 
(conducted current) limits must be defined, in order to correlate with the required protection levels for 
radiated field interference. 

Detailed knowledge of the ”average” power mains network is needed, in order to define correct values of conducted 
emission (CM), simulating real and realistic circumstances of BPL applications in practice and the resulting 
interference levels. 
 
6. Standardization work to be done 
As three different types of characterisations must be considered, standardisation must be done for all three domains: 

• setting quality characteristics for the power mains network that may be used for BPL communications and 
defining the appropriate measuring methods 
• defining a reference power mains network to be used for the characterisation of BPL modems and defining 
the appropriate measuring methods 
• setting emission limits for systems in use (combining the effects caused by both the cabling and the BPL 
modem as an integrated system) 

 
Conclusion 
In this paper, the methodology to characterize BPL modems concerning their EMC behaviour has been discussed. In 
order to define a reference measuring setup that could be used under lab conditions, the following parameters must 
be known and/or defined: 

- knowledge of the average unbalance of the power mains network, in the frequency range of interest 
- consequently, the determination of a reference “load” to be used when testing BPL modems under lab 
  conditions, and simulating “average” unbalance encountered under real applications 
- definition of the parameter to be measured, and the according limit level (LCL, MCF, etc. …) 
- definition of the measuring probe (LCL, current probe, etc. …), and its proper unbalance 
- definition of the auxiliary wiring and the related CM termination of the measuring setup (other than the 
   PMN acting as the communication load of the BPL) 

 
This paper is only intended for discussion on this topic and should be seen as a “roadmap” of actions to be done. 
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