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Abstract—The access impedance for Narrowband PLC 

communication is dependent of the global installation impedance. 

The interest of this paper is to measure the domestic installation 

impedance using a new setup based on an LCL filter for masking 

the network impedance. The short-time and the frequency 

variation of the global impedance in the frequency band between 

30 and 500 kHz is measured in several scenarios. The domestic 

loads are classified according to their impact on the global 

installation impedance by connecting to the installation and 

changing the mode of operation. The access impedance is 

recalculated using the measured installation impedance in 

parallel to the network. 
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I.  INTRODUCTION  

The use of powerline distribution network for data 
communication is an old solution that interested many energy 
distributors in the world. The main advantage of narrowband 
powerline communication PLC technologies resides in the use 
of existing cables infrastructure between the transformer 
substation and the smart meter in the customer side. The PLC 
outdoor transmission is characterized by a low impedance 
specifically in the customer side [1,2].  

Domestic installations in the same electrical network are 
physically linked to each other’s so the access impedance 
measured in many works [3,4,5] is impacted mainly by the 
input impedance of the customer installation and the 
impedance of the network. In this article, we have an interest to 
measure the impedance of one domestic installation. 

Indoor PLC communications use the home grid as a 
transmission support. In France, the standard NFC 15-100 
regulates the low voltage electrical installations [6]. It 
guarantees the protection of the installation by the using of a 
general circuit breaker and protection device attached to the 
house electrical panel. From this panel every departure has the 
differential circuit breaker and an electrical cable with an 
adapted section to supply many devices like the lighting 
circuits, socket, heating, water heater, etc. Each of these loads 
can be connected on bypass, star, cascade or a combination of 
all these solutions. 

Many studies have an interest to simulate a scenario of a 
global installation impedance [7,8] by the paralleling of some 

loads [7,8] but the complexity of the architecture in the 
customer installation make the simulation of the total 
impedance of the installation very difficult. It is impossible to 
predict the domestic architecture and the number of loads 
connected. Also, the simulation need the knowledge of the 
impedances of each domestic load, but they vary according to 
the brand and the type of the equipment. 

 In our study, we have an interest about the measurement of 
different scenarios of the impedance of a domestic installation 
as a function of loads connected. The goal is to identify the 
loads which has the major impact on the global impedance of 
the installation. To realize this measure, a new setup is 
developed to mask the network impedance which is time and 
frequency variable using an LCL filter. 

The domestics load are time and frequency variable 
[9,10,11,12,13], that’s why, we have an interest to study the 
short-time variation of the installation impedance and the 
impact of the global impedance of installation on the access 
impedance measured in parallel to the meter. 

This paper is organized as follows: in the section II, the 
conception of the LCL filter is presented. In the section III, the 
filter installation and the global impedance measurement 
method are described. In the section IV, the measurement of 
the installation impedance is used to recalculate the access 
impedance. In the section V, the classification of the domestic 
loads according to its impact on the global impedance 
measurement of the installation is introduced. In the section 
VI, the impact of the loads on the access impedance is studied 
and finally in the section VII, the short-time variation of the 
installation impedance will be introduced. 

II. LCL FILTER DEVELOPPEMENT 

The LCL filter is realized to mask the network impedance 
which is time and frequency variable [2,3,4]. The impedance 
of the filter must be high because the domestic installation 
impedance will be installed in parallel to the filter. The risk of 
measurement of the impedance of the filter can appear if its 
impedance is very low. The filter impedance must be also time 
invariant. 

To respect this specification, an LCL filter is proposed with 
a first coil L1 equal to 3.6 mH, a capacitance equal to 5µF and 
a second coil L2 with a value equal to 0.5 mH.  The electrical 
schematic of the filter is presented in the fig. 1. 
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Fig. 1. Electrical schematic for of the LCL filter 

The impedance of the filter is measured using a network 
analyzer. The impedance result is depicted in the fig. 2. 

 

Fig. 2. Impedance of the filter 

The impedance of the filter is high and varied from 90Ω in 30 

kHz to 60 kΩ in the resonance peak. 

III. MEASUREMENT SETUP 

A. Filter Installation 

The installation of the filter is performed on the user side in 
the house downstream of the meter.  

 

Fig. 3. Filter installation and measurement setup 

The filter is set in serial between the main circuit breaker 
and the installation electrical panel as it presented in the fig. 3. 

The measurement setup consists of the use of a capacitive 
coupler to filter the 50 Hz. The network analyzer role is the 
measuring of the temporal and frequency variation of the 
impedance by the measuring of the reflection coefficient S11 
[8]. Two types of configuration are done for the two types of 
measurement: 

• For the Frequency variation. 

To measure the frequency variation of the impedance, we 
realized a sweep with a START frequency fixed to 30 kHz and 
STOP frequency equal to 500 kHz. The number of points is 
equal to 801 and the IFBW is set to 200 Hz. 

• For the short-time variation  

To measure the impedance variation during 20 milliseconds 
between 30 kHz and 500 kHz. We measured 201 points of 
frequency on 0 span mode. Every frequency is measured 
during 20 milliseconds which is the sweep time duration to 
measure the rapid variation of one frequency during one period 
of the network. Every measurement is synchronous with the 
frequency of the sector 50 Hz using a developed card for the 
zero crossing [14]. The results will be depicted in Time 
Frequency graph.  

B. Measurement Method 

Two measures are performed leading to the measurement 
of the impedance: 

• Measurement of the impedance of reference Zref 

This impedance of the reference represents the impedance of 
the network in serial with the impedance of the filter when the 
customer installation is disconnected to the network. 

 

Fig. 4. Zref measurement 

The measurement results of the frequency variation and short-
time variation of Zref are depicted in the fig. 5 and 6. 

 

Fig. 5.  Frequency variation of Zref 
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Fig. 6. Time-frequency variation of Zref 

Zref has a high impedance from 100 Ω to 10 kΩ on the 
resonance frequency . It represents a short time invariant 
behavior during the main period. This invariation masks the 
time variation of the impedance of the network. The reference 
measurement will be used to extract the  input impedance of 
the installation Zinstallation. 

• Measurement of the total impedance Ztotal and 

deducing of Zinstallation 

 
 This impedance Ztotal is equal to Zref in parallel with the 

Zinstallation.as shown in Fig. 7.  

 

Fig. 7.  Ztotal measurement 

The impedance of the customer installation Zinstallation is 
deduced from Zref and Ztotal according to the expression (1) and 
(2). 
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Ztotal is very low comparing to Zref that’s  
Z
Z

ref

total  ≈0 

We conclude that Ztotal is equal to Zinstallation, so the measured 

impedance would be directly Zinstallation, 

C. Input Impedance Installation Measurement Results 

The impedance of the installation is measured in the same 
configuration of the loads connected. The list of the connected 
loads consists on a laptop, a washing machine, a dryer, a 
printer, a lamp, a fridge, an oven, a microwave, a coffee maker 
tassimo, a robot, an induction table, a dishwasher, a TV, an 
internet box, 2 PLC plugs, a boiler, a VMC, a phone charger, 
an electrical couch and electric shutters.  

Zinstallation. is measured in two cases: 

• when the installation is connected to the network. The 

measurement is done using the new setup based on the 

filter to mask the network impedance, 

• when the installation is disconnected from the 

electrical network the impedance is measured directly 

because the installation is unpowered. 

 

The measure is done when the loads are in OFF operating 

mode. The results are depicted in the fig. 8. 

 

 

Fig. 8. The installation impedance measurement 

The results show similar variation of the Zinstallation in the 
two cases. The impact of domestic loads connected to the 
installation when they are powered in OFF operating mode is 
very close to their impact when they are unpowered. 

IV. IMPACT OF THE INSTALLATION IMPEDANCE ON THE ACCES 

IMPEDANCE 

The access impedance measured in the meter side 
represents the network impedance in parallel to the customer 
installation impedance.   

 

Fig. 9.  Access impedance measurement point 
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We measured Zinstallation and the network impedance in the 
meter when the installation is disconnected to the network 
Znetwork.  

 

Fig. 10.  Frequency variation of Znetwork and Zinstallation 

The measurement results present in the Fig. 10 show the 
variation of Znetwork, from 5Ω in 30 kHz to 40Ω in 500 kHz. The 
Zinstallation is low comparing it to Znetwork. From the measurement 
of Zinstallation and Znetwork, we can deduce Zaccess according to the 
expression (3).  
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  (3) 

 
The access impedance is also measured in the meter when 

the customer installation is connected to the network.  

 

Fig. 11. Comparison of Zaccess calculated and measured 

The access impedance measured and calculated has the same 
variation in the frequency band from 30 kHz to 500 kHz with a 
small difference (3Ω in 500 kHz). The network and the 
installation impedance aren’t measured in the same time. The 
time variation of the impedance of the network can explain the 
difference between the calculated and the measured 
measurement.  

V. IMPACT OF THE LOADS ON THE INSTALLATION IMPEDANCE  

In this part, the measurement setup is used to measure the 
Zinstallation in several scenarios to study the impact of: 

• the impedance of the electrical cable and circuit 
breakers, 

• the loads due to their connection to the installation and 
the operating mode of the load (ON or OFF). 

A. The Impact of the Cables and The Circuit Breakers  

To measure the impedance due to those elements, we 
measured Zinstallation when all the loads are disconnected. 

 

Fig. 12.  Zinstallation without loads 

The results presented in the fig. 12 show a high impedance 
in the low frequency band. The impedance decreases in 
function of frequency. The negative phase represents the high 
impact of the impedance of the cables. 

B. The Impact of The Loads 

To study the impact profile of some domestic loads on 
global impedance of the installation, Zinstallation is measured in 
several scenarios. 

1) The impact of connecting of the loads 
Zinstallation is measured for when we connected loads to the 

installation. The operating mode is fixed to OFF for all the 
loads when they are connected to the installation. Many 
measures show two types of loads: 

• Non-impacting load 

 

Fig. 13. Impact of the phone charger 
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• Impacting loads 

 

Fig. 14. Impact of the TV 

We studied the impact of many domestic loads when 
connecting to the installation in several configurations lead to 
their classification in two class. Classification of the loads 
impact when connecting to the installation 

TABLE I.  CLASSIFICATION OF THE LOADS IMPACT WHEN CONNECTING 

TO THE INSTALLATION 

Connection of loads in OFF operating mode 

Domestic loads Impacted  Non-impacted 

Waching machine ×  

Dryer  × 

Printer  × 

Laptop ×  

lamp ×  

Oven  × 

Microwave ×  

Caffee maker ×  

Robot ×  

Electrical couch ×  

Induction table ×  

Boiler  × 

Dishwasher ×  

VMC  × 

Fridge with open door ×  

TV ×  

Phone charger   × 

Many loads have a major impact on the global impedance 
of the installation. The impacting loads at the connection are 
the loads that have a low impedance in the frequency band 
from 30 to 500 kHz. Some loads like the washing machine and 
the phone charger and some type of lamp does not cause any 
frequency variation of the impedance, but they generate some 
types of noise such as the phone charger. 

2) Impact of the operating mode (OFF to ON) 
In general, the domestic loads are always connected to the 

installation and the user does not disconnect the equipment, but 
it changes their operating mode. This is why in this party we 

are interested to classify the loads according to their impact on 
the global impedance of installation when they change their 
operating mode from OFF mode to ON. Many measure are 
carried out in different scenarios shows two types of loads. 

 

 

Fig. 15. Non-impact of the lamp, the oven and the dryer 

 
We studied the impact of many domestic loads when we 

changed their operating mode from OFF to ON.  

TABLE II.  CLASSIFICATI:ON OF LOADS IMPACT ACCORFING TO THE 

OPERATING MODE 

Switch from OFF to ON 

Domestic loads Impacted  Non-impacted 

Waching machine  × 

Dryer  × 

Printer  × 

Laptop  × 

lamp  × 

Oven  × 

Microwave ×  

Caffee maker ×  

Robot ×  

Electrical couch  × 

Induction table  × 

Boiler  × 

Dishwasher  × 

VMC  × 

Fridge open / closed door  × 

TV ×  

Phone charger   × 

Most loads have non-impact when the operating mode pass 
to ON except for the TV, robot and the coffee marker. 

VI. IMPACT OF THE LOADS ON  THE ACCES IMPEDANCE 

The measurement of the access impedance when the 
customer installation is connected to the electrical network is 
carried out in several scenarios to study the impact of the 
connection of some loads on the access impedance measured in 
the meter. 
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Fig. 16. Impact of some loads on the access impedance 

 
The results show that the impact of the loads on the global 

impedance of the installation can be seen in the access 
impedance. The loads that have a high impedance are masked 
by low impedance loads. 

VII. TIME VARIATION OF A DOMESTIC INSTALLATION 

IMPEDANCE 

The variation of Zinstallation. during 20 milliseconds is carried 
out in 201 frequencies between 30 kHz to 500 kHz. 

 

Fig. 17. Short-Time behavior of the installation impedance 

The time varying behavior of a global impedance of 
installation show a low variation in the low frequencies. This 
time variation is the result of the time variation behavior of the 
domestic loads because the components of electrical devices 
depend on the instantaneous amplitude of the mains voltage 
[7,8,11,12,13] 

CONCLUSION 

This paper described a new measurement system of the 
global domestic installation in the frequency band between 30-
500 kHz. An LCL filter is used to mask the impedance of the 
network. It has a high impedance representation and a short-

time invariant behavior. The developed setup allows the 
measurement of the installation impedance without prior 
knowledge of the connected loads. A measurement campaign 
of the global impedance in several scenarios are used to study 
the frequency and the short-time variation of the installation 
impedance. The impact classification of the connecting of the 
loads and the operating mode changing are carried out 
following the realization of different scenarios. The paralleling 
of the measured global impedance and the network impedance 
allows the recalculation of the access impedance. The 
presented measurement results can be used to calculate the 
access impedance in any point of the network by the paralleling 
of the domestic installations impedances connected in the same 
branch. 
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