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 Abbreviations 

 

Abbreviation Translation 

AFE Analog Front End  

CM Common Mode 

CP Cyclic Prefix 

DBPSK Differential Binary Phase Shift Keying  

DQPSK Differential Quad Phase Shift Keying  

LQI Link Quality Indicator 

FIR Finite Impulse Response 

DAC Digital to Analog Converter 

IF Intermediate Frequency 

EMC Electromagnetic Compatibility  

EMI Electromagnetic Interference  

OFDM Orthogonal Frequency Division Multiplexing 

PV Photovoltaic  

PLC Power Line Communication  

PSD Power Spectral Density 

QAM Quadrature Amplitude Modulation  

SNR Signal To Noise Ratio  

FCC U.S. Federal Communications Commission 
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 Introduction 

The rising interests in using new renewable energy resources and the new technological 

inventions push the world towards the smart grid environment, however, the complexity of the 

power grid system increase due to the rise in utilized power converters in the grid. Besides, the 

system becomes more complex in the presence of the new technology of the communication 

between the smart grid elements to maintain the reliability of the system. Consequently, a lot 

of Electromagnetic Compatibility (EMC) problems appear between the power systems and 

communication systems. 

The power system can provide Electromagnetic interference (EMI) problems to the 

communication systems if both circuits are coupled together by a parasitic capacitor or 

inductor. Moreover, the selectivity of the converters switching frequency could also raise the 

probability of EMI problems if it lays between the same frequency band of the communication 

system. As a result, the Signal to Noise Ratio (SNR) in the communication protocol could be 

affected and the communication wouldn’t work probably. 

One of the smart grid applications is the use of smart meters to monitor and control the operator 

consumptions. Usually, the companies prefer to use the existing infrastructure and cables to 

send the data from the consumers to the large concentrators, Power Line Communication (PLC) 

is the use of electrical wires to provide data transmission capabilities. The PLC works by 

modulating the carrier signal and adding it to the main power signal. it operates through two 

main frequency bands: Narrowband (NB-PLC) and broadband PLC (BB-PLC). The NB-PLC 

is working in the smart metering application, traction and battery charging systems; however, 

the BB-PLC is used in high-speed applications like the internet. Therefore, this report concerns 

only NB-PLC. 

In [1], a study was implemented to see the influence of power converter on the 

communication data transmission errors, the communication protocol used is RS232, the study 

shows that there is no significant difference between the use of random modulation over the 

deterministic modulation in the context of data transition errors. However, the change in the 

switching frequency causes a significant change in the probability of data transmission errors. 

In [2], some results were obtained in addition to studying the effect of increasing the number 

of power converters in the data transmission error. 

According to [3], in the case of switch-mode power supplies, two different root causes of 

problems were detected. The first is the aging of the power supply, especially the smoothing 

capacitor after the rectifier and the second is the lack of emission limits in the frequency range 

3…150 kHz. The latter caused problems, especially, if the switching frequency of the power 

supply is close to the signaling frequencies of the PLC system.    

This report addresses the effect of Variable Speed Drive (VSD) operating a 3-phase motor on 

the wired PLC protocol 

 Background on the power line communication system. 

The NB-PLC typically works at a range of 3 kHz to 500 kHz and BB-PLC works at a range of 

1.8MHz to 250MHz [4]. As shown in Table. I, there are three main regulations are used, the 

first is the European Norm (EN) 50065, which was first established by CENELEC in 1992 [4]. 

The second is the U.S. Federal Communications Commission (FCC), the PLC is used in the 



Marie Skłodowska-Curie  Smart Cities EMC Network for Training D5.3 

 

This project has received funding from the European Union’s Horizon 2020 research and innovation programme 

under the Marie Skłodowska-Curie grant agreement No 812391 

 

7 

range between 9 and 490 kHz band, this regulation is not used for smart meter applications. 

The last regulation is established by the Japanese Association of Radio Industries and 

Businesses (ARIB) in the form of Standard T84, which allows the use of PLC in the 10–450 

kHz band. 

The allocated narrowband PLC bandwidth is in the range between 3 to 150 kHz, the most 

commonly used protocols in the narrowband PLC are the G3-PLC and the PRIME [5], [6]. 

Like any type of communication technology, the PLC system consists of three main parts: the 

transmitter, the channel, and the receiver. The transmitter combines Differential Phase Shift 

Keying (DPSK) and Orthogonal Frequency Division Multiplexing (OFDM) to transmit the 

data [7]. During transmission, the data can be affected by several types of noises, e.g., additive 

white gaussian background noise (AWGN) and periodical impulsive noise. At the receiver, the 

data is digitally filtered by the means of a Finite Impulse Response (FIR) filter and demodulated 

into its original binary format [8].  

Table I. Operating frequency range 

 CENELEC FCC ARIB 

Band A B BC BCD Low High Full Low High 

Frequency 

(kHz) 

35.9- 

90.6 

98.4- 

121.9 

98.4-

137.5 

98.4-

145.9 

145.3-

314 

314-

478.1 

145.3-

478.1 
10-200 200-450 

 Practical Experiment Results 

6.1 The influence of Variable Speed Drives (VSD) in the PLC  

The purpose of the test is to show the performance of the PLC technology in the presence 

of conducted Electromagnetic Interference (EMI) source. The EMI source is a variable speed 

drive (VSD) connected to a 3phase motor.   The test was performed using two Texas 

Instrument  (TI) PLC modems to demonstrate point-to-point communication over a power line. 

The Zero Configuration GUI software was used to monitor the PLC operations, in addition, to 

send data between the two boards. The transmitted data information was given in Table. II, a 

long cable of 42m length is used to connect both modems to demonstrate a real situation, the 

cable is provided by 7 sockets to change the distance of the communication between the two 

modems as shown in Fig. 1. The Gauss Instruments company TDMI X6 digital EMI test 

receiver was used to take the voltage spectrum measurements. All the measurements were 

taken based on CISPR A in the range from 9kHz to 150kHz, using the Average (AV) and 

Quasi-Peak (QP) detectors with 200Hz Intermediate Frequency Bandwidths (IF BW). The 

time-domain measurement of the PLC received data were taken from the output of the bandpass 

filter in points A and B as shown in Fig. 2. 

Table II. PLC Test Assumptions 

Type of PLC communication standard  PRIME 

Data size  50 bytes  

Physical layer  OFDM 

Modulation  DBPSK- DQPSK- D8PSK 

The nominal bitrate 0 to 128 kbit/Sec 

Total sent frames 1373 

The time between each frame 400 ms 

The medium  The cable of length 42 m 
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Fig. 1. Connection diagram. 

 

Fig. 2. The Texas Instrument boards bandpass filter points of measurement. 

6.1.1 Test in Noise-free case  

In the ideal case, without the presence of any EMI source, the data transmitted between both 

modems smoothly without any errors, whatever the distance between them, only there the time 

delay of sending or receiving increase with the increase of the distance. Fig. 3 shows the 

differential voltage frequency spectrum of the PLC signal measured at the sending modem 

during the sending of the data using DBPSK, the shape of the spectrum is the same also for 

DQPSK and D8PSK. It was noticed that the bandwidth of the communication is between 

40KHz and 90KHz which is the frequency band of CENELEC-A Regulation. 

 

Fig. 3. The Frequency spectrum of the PRIME PLC. 

A B 
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Fig. 4, Fig. 5, and Fig. 6 show the fellow of data in the time domain using DBPSK, 

DQPSK, and D8PSK respectively. The figure represents the data coded by the OFDM and after 

filtering the data from the grid voltage by the mean of the bandpass filter in the given TI PLC 

receiving modem. The PLC boards.   

 

Fig. 4. The PLC data signal in case of DBPSK modulation after the receiving bandpass filter.   

 

Fig. 5. The PLC data signal in case of DQPSK modulation after the receiving bandpass filter.   

 

Fig. 6. The PLC data signal in case of D8PSK modulation after the receiving bandpass filter.   
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6.1.2 Test in case of  motor operation 

In this case, the circuit is connected as in Fig.1, but with the operation of the motor. The source 

of the EMI is the VSD from ABB that controls an induction motor of 3kW. The operation of 

the motor provides conducted EMI to the PLC communication system. Fig.7 shows the output 

frequency spectrum measured from the PLC line using the average and quasi-peak detectors. 

it can be seen clearly that the motor operation generates conducted EMI in the same bandwidth 

of the PLC. Fig.8 shows the received PLC signal after filtering from the main grid voltage in 

the time domain. In contrast to the noise-free case, the EMI appears clearly in the 

communication signal. Besides, the Signal to Noise Ratio (SNR) decreases from 19 dB in the 

noise-free case to 9 dB in the case of motor operation as shown in Fig.9.    

In the same framework, the distance between the PLC modems and the source of the EMI plays 

an important role in the results, the closer distance between the transmitting modem and the 

VSD, the more problems appear in the communication system. Fig.10 shows the connection of 

the circuit in three cases, In case 1 the distance between the EMI source and the Tx modem is 

40m, at which the distance between the Tx and Rx modems is 10m only. In this case, the data 

transmitted without any problem, the Bit error rate is almost zero in all the utilized modulation 

types (DBPSK, DQPSK, and ROBO-DBPSK) except for the case of D8PSK, the 

communication failed to transmit the data. In case 2, the distance between the EMI source and 

the Tx modem reduces to 30m, it was noticed that that the communication works in case of 

DBPSK modulation and ROBO DBPSK modulation, however, it failed in the case of the 

DQPSK and D8PSK. By changing the connection case 3, it was noticed that that the 

communication failed in the ALL Differential phase modulation techniques 

(ROBO/DBPSK/DQPSK/D8PSK). Table. III shows the results of the operating sceneries.  

 

Fig. 7. Frequency spectrum measured from the PLC line during data sending operation.   
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Fig. 8. The Texas Instrument Boards and the point of measurement. 

 

 

Fig. 9. SNR value during the operation. 

 

Fig. 10. The motor operation with different circuit connections. 
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Table III. Working Scenarios 

Scenario 

No 

Connection distance 

between PLC modems  

Connection distance between the 

EMI Sources and the Tx modem  
Modulation  Results  

1 10m (between S6 and S7) 40m (between S6 and the VSD) DBPSK Connection Work 

2 10m (between S6 and S7) 40m (between S6 and the VSD) DQPSK Connection Work 

3 10m (between S6 and S7) 40m (between S6 and the VSD) D8PSK Connection Failed 

4 10m (between S6 and S7) 
40m (between S6 and the VSD) ROBO-

DBPSK 
Connection Work 

5 20m (between S5 and S7) 30m (between S6 and the VSD) DBPSK Connection Work 

6 20m (between S5 and S7) 30m (between S6 and the VSD) DQPSK Connection Failed 

7 20m (between S5 and S7) 30m (between S6 and the VSD) D8PSK Connection Failed 

8 20m (between S5 and S7) 
30m (between S6 and the VSD) ROBO-

DBPSK 
Connection Work 

9 25m (between S4 and S7) 25m (between S6 and the VSD) DBPSK Connection Failed 

 Conclusion  

The report focuses on the impact of the VSD in the PRIME PLC. The experimental setup 

was implemented, both circuits are close together so the impact of the interference could be 

clear. The communication works probably as the VSD was off, the SNR value was 19 dB. 

After the motor operation with the VSD, the SNR decreased during the operation of the VSD, 

the results show that the probability to lose communication increase as the distance between 

the EMI sources and the transmitter board decrease. On other hand, the problems increase in 

the communication as the order of the PSK modulation increase as the phase shift between the 

sent data decrease. The results indicate the importance of studying the EMC issues which could 

cause a lot of problems, especially if the victim is the communication system.  
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