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ABSTRACT 
A good characterization of the transmission properties of 
the electrical network is the first step to reach a high 
quality of supply and increased resiliency with the use of 
new services based on NB-PLC. This paper describes the 
empirical characterization of the transmission losses of 
the electrical grid for the frequency range assigned to NB-
PLC (40 kHz to 500 kHz). The methodology is applied to a 
measurement campaign in a rural distribution grid. 
Results show that the transmission losses depend on the 
distance and grid topology. The great influence of the 
noise and non-intentional emissions on the Signal to Noise 
Ratio of the received signals within the frequency range 
used for NB-PLC is also shown with empirical results.  

INTRODUCTION 
The NarrowBand Power Line Communications (NB-PLC) 
have been the first option for many distribution system 
operators in Europe for the implementation of Advanced 
Metering Infrastructure (AMI). The transmission losses of 
the electrical grid are one of the key factors for the 
deployment of Advanced Smart Metering services and 
other Smart Grid applications based on NB-PLC. As these 
losses limit the extent of the communications, the quality 
of the communications highly depends on this factor, and 
therefore, the services based on NB-PLC for a better 
quality of supply and an increased resiliency [1]. The level 
of the transmission losses differs in rural and urban 
electrical networks. Hence, while long distances of the 
cable sections in rural areas may cause relatively great 
losses, the higher number of branches of the tree-like 
topologies in the urban networks generate significant 
additional losses that should be considered [2]. 
The proper performance of NB-PLC not only depends on 
the transmission losses, but also on the level and the 
spectral response of noise and non-intentional emissions 
(NIE) in the reception point [3],[4]. The spectral behavior 
and the level of conducted noise and NIE depends on the 
presence and nearness of interfering sources [5],[6]. 
Hence, each NB-PLC technology specifies the Signal to 
Noise Ratio (SNR) required for the corresponding quality 
in the communications, evaluated in terms of Frame Error 
Rates, as a frame error on the Medium Access Control 

(MAC) will discard completely a MAC packet 
independently of the number of erroneous bits [7]-[10] 
Moreover, the transmission losses vary with frequency, 
and therefore, signals suffer from different level of 
attenuation depending on the channel used for the 
transmission. The frequency range assigned to Smart Grid 
services extends to almost 500 kHz in North America and 
Asia, while in Europe there is an increasing tendency to 
extend the band up to 500 kHz. In any case, it is not valid 
to apply the typical values of transmission losses of lower 
frequencies (50/60 Hz) to this higher frequency range [11]. 
As a result, the proper characterization of the transmission 
losses of representative topologies and different types of 
cable for the frequency range used for NB-PLC is being 
demanded. To reach this goal, and in view of the above-
mentioned considerations, the development of field 
measurements in representative grid topologies is the best 
way to provide realistic values.  
This work presents field measurement results of 
transmission losses for representative grid topologies, for 
the whole frequency range of NB-PLC, up to 500 kHz.  

METHODOLOGY 

General description 
The empirical characterization of the transmission losses 
developed in this work is based on the measurement of the 
amplitude variation of controlled NB-PLC signals in 
different points of the electrical grid, for the frequency 
band under study (40 kHz – 500 kHz).  
For that, NB-PLC signals are injected in a controlled way 
in one end of the grid section, in different frequency slots 
that cover the whole range from 40 kHz to 500 kHz. At the 
other end of the grid section, noise, the NB-PLC signals 
and the noise are registered and recorded during several 
seconds.  
The comparison of the levels of the NB-PLC signals at 
both ends of the section directly provides the transmission 
losses at that section of the grid. Additionally, the signals 
recorded in the reception point allow the evaluation of the 
noise and NIE present on the grid and the SNR for the 
frequency range under test.  
This procedure is repeated for different frequency ranges 
to cover the whole frequency band under study (40 kHz – 
500 kHz).  



 25th International Conference on Electricity Distribution Madrid, 3-6 June 2019 
 

Paper n°  1146 
 

 

CIRED 2019  2/5 

Data processing must be applied to the recordings of the 
measurements, in order to gather the transmissions in the 
different frequency slots, to assess the different parameters 
and to guarantee the accuracy of the results.  

Measurement setup 
The measurement setup used in this study for both the 
measurement of the transmission losses and the signal and 
noise power levels is composed of the following 
equipment (see Fig. 1): 
• A NB-PLC signal transmitter, where the amplitude, 

frequency and type of the transmitted signal can be 
configured by the user. The transmitted signal consists 
of a set of NB-PLC signal bursts transmitted 
periodically during a specific time selected by the user. 

• Two capacitive couplers to transmit and receive the 
signals. These couplers provide galvanic isolation from 
the mains at the coupling point, filtering out the 
components below 10 kHz and above 600 kHz. 

• Two oscilloscopes [12] with a sampling resolution of 
16 bits, to sample and record synchronously both the 
transmitted and the received signals.  

• Two laptops running specific software tools to 
configure the oscilloscopes and the NB-PLC signal 
transmitter, at both ends of the grid section. 

Data processing 
First, the spectrograms of the recordings of transmitted and 
received signals of each measurement point are calculated, 
by applying a Gaussian time-windowing of 10 ms and a 
resolution bandwidth of 200 Hz [13]-[15].  
The Fig. 2 shows a representative example of the 
spectrograms recorded for the transmitted and received 
signals for one of the frequency slots (206 kHz – 253 kHz) 
that form the frequency range under analysis, in one of the 
measurement points. In these figures, the bursts of the NB-
PLC signals, transmitted periodically each second, can be 
easily identified in both spectrograms. In the spectrogram 
of the received signal, together with the NB-PLC signals, 
the NIE generated by the devices connected to the grid can 
be observed throughout the whole frequency range.  
 

 
Fig. 1. Measurement setup for the assessment of the transmission losses 

of the electrical grid. 

 

 
Fig. 2. Spectrograms of the NB-PLC signal transmission in the 

frequency range (206 kHz - 253 kHz): (top) transmitted signal, 
(bottom) received signal.  

Then, in the calculation of the transmission losses, data 
post-processing is applied with two main purposes: first, 
as there is no continuous transmission, to select the 
frequencies and the time slots where NB-PLC signals are 
present; second, only those situations where reception 
conditions (noise and NIE levels) provide good estimation 
of the amplitude of the NB-PLC signals are selected, for 
the sake of the accuracy of the calculations. For both 
purposes, a specific algorithm to identify the signal bursts 
over noise level and extract the values of the NB-PLC 
signals was developed by the authors.  
Once proper NB-PLC signals are identified and selected, 
the transmission losses are calculated for each frequency 
range, by comparing the mean values of the power spectral 
densities of transmitted and received NB-PLC signals. The 
combination of the results for different frequency ranges 
provides a clear representation of the frequency-dependent 
transmission losses in the frequency range up to 500 kHz.  

RESULTS AND DISCUSSION 

Description of the measurement scenarios 
The measurement scenario considered in these field trials 
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is a rural area, where several Distributed Energy Resources 
(DERs) are connected to the Low Voltage network [5]. 
The grid topology is typical of a rural area, this is, 
composed of a low number of branches, connecting a 
reduced number of points, separated several tens of meters, 
through long cable sections. The results shown below 
correspond to a single branch in this area, where two 
measurement points at different distances (750 m and 
1250 m, respectively) were considered. The branch ends in 
tree-like topology section whose branches include several 
DERs working in normal operation. 
For each measurement site, NB-PLC signals were 
recorded during a short period of time, in order to obtain 
the spectrograms of the signals, and then, to assess the 
transmission losses and the SNRs for the whole frequency 
range dedicated to NB-PLC (40 kHz – 500 kHz), 
according to the assessment procedure described in the 
previous section.  

Results of trasmission losses 
Representative results in two sections of the same branch 
of the distribution grid (750 m and 1250 m, respectively) 
are shown in Fig. 3. Although the transmission losses are 
clearly greater for longer distances, there is no linear 
tendency. This is due to the great influence of the splitting 
of the grid branches in the tree-like topologies, which 
generate important losses in the signal power. 
Outcomes reveal a significant dependence of the losses 
with frequency for both sections. In particular, the longer 
section shows an increasing trend with frequency between 
200 kHz and 300 kHz, but in general, the variation with 
frequency does not present a clear trend, mainly due to the 
different devices and loads connected to the electrical grid 
at each moment.  

Additional results on signal level 
The transmission losses along the transmission path is not 
the only parameter that determines the proper reception of 
the signal, as the level of the received signal must be 
evaluated with respect to the noise level that is present at 
the receiver point. Hence, the ratio between the signal 
power and the noise power (SNR) is the decisive factor. 
This ratio must be greater than the threshold SNR required 
for the proper reception of the signal, which depends on 
the particular coding and modulation techniques used to 
increase the robustness of the transmission [10].  
For this reason, both the NB-PLC signal levels and the 
noise and NIE recorded in the reception points are shown 
in Fig. 4 and Fig. 5. In this case, the NIE are generated, 
mainly, by the DERs connected to this branch of the 
distribution grid, working under normal operation during 
the measurements. The level of noise and NIE is 
considerably high in some frequencies, which implies a 
significant decrease of the SNR, and therefore, higher 
difficulties to get a good reception of the data. The levels 
of the NB-PLC signals and the noise and NIE at the 
transmission point were also recorded. They are shown in 
Fig. 6 as a reference. 

 
Fig. 3. Transmission losses of the electrical grid in a rural area.  

 
Fig. 4. Signal level and noise level in the reception point at 750 m of 

distance. 

 
Fig. 5. Signal level and noise level in the reception point at 1250 m of 

distance. 

 
Fig. 6. Signal level and noise level in the transmission point. 
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Impact on communications 
Finally, the performance of real ITU-T G.9904 compliant 
PLC devices, currently working within the CENELEC-A 
band, was also tested. The configuration of the 
communications system was a typical configuration used 
in the AMI deployments: a data concentrator or master 
device in the transmission point and several 
communicating nodes in the reception points. To that end, 
each DER asset was equipped with a PLC node.  
Working under the conditions described in the previous 
paragraphs, all the nodes remained connected. However, 
changes in the topology of the communication system 
were detected. This mechanism can be considered as a 
protection of the devices in noisy environments. As 
commented before, the particular features of the PLC 
devices, specific to each manufacturer, can affect the 
overall performance of the system. For instance, the 
existence of internal filters can prevent the 
communications from being cancelled. 
Considering the operation frequency range of the PLC 
devices in this network (41-89 kHz), the results in the 
Figures 3 to 6 show that this is a challenging case in terms 
of noise levels. Despite this, the devices communicated 
successfully. Once again, this result shows the complexity 
of the study of the PLC channel features and the need of 
different kind of measurements.  
Future research will address the performance of PLC 
devices working up to 500 kHz, where the attenuation 
notably increases, as showed in Fig. 3. 

CONCLUSIONS 
In this study, the empirical characterization of the 
transmission losses of the electrical grid as a transmission 
medium is performed for the frequency range assigned to 
NB-PLC (40 kHz to 500 kHz), by means of field 
measurements in the Low Voltage distribution grid in a 
rural area. The assessment procedure is described and 
illustrated with results for a representative case. 
Apart from the expected influence of the distance of the 
cable sections, the splits of the distribution grid generate 
high values of transmission losses. 
Moreover, outcomes of the study reveal a significant 
dependency of the signal propagation losses with 
frequency in all of the measurement sites. In general, the 
variation with frequency does not present a clear and 
repeated trend. 
Results show the complexity of the electrical grid as a 
propagation medium for data transmission, as the 
transmission losses depend on the distance, network 
topology and frequency, but also on the impedance and 
location of the different loads that might be connected in a 
certain moment.  
In summary, as all the above-mentioned aspects vary 
significantly with frequency, the resultant transmission 
losses and Signal to Noise Ratios in the reception points 
present great variations within the frequency range used 

for NB-PLC. 
These results confirm the need of a thorough frequency-
dependent characterization of the transmission losses of 
the electrical grid and the noise and NIE generated by the 
devices connected at each moment. Both are critical 
aspects for the use of the electrical grid as a transmission 
medium for PLC.  
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