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2 Disclaimer 

 

The content described in this document is publicly available. The content described in this 

document reflects only the authors view and the European Commission is not responsible for 

any use that may be made of the information described.  
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3 Abbreviations 

 

Abbreviation Translation 

CFL  Compact fluorescent lamp 

EMC Electromagnetic Compatibility 

EMI Electromagnetic Interference 

ESR(s) Early Stage Researcher(s) 

EUT Equipment under Test 

FL fluorescent lamps 

IEC International Electrotechnical Commission 

LED Light-emitting diode 

LISN Line Impedance Stabilization Network 

SCENT Smart Cities EMC Network for Training 

WP Workpackage 
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4 Introduction 

 

This document describes the deliverables for SCENT project for the work package 6, 

preliminary results of measurement conducted on different lighting equipment at laboratory. 

The title of the deliverable is Measurement results of actual platforms w. distributed 

nondeterministic layouts, this report gives an overall view of the method used to measure the 

equipment, and list some standard used to do the measurement and finally present the result of 

the measured result in time and frequency domain, and conclusion. 
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5 Materials & Methods / Results / Discussion 

 

5.1 Short Introduction 

The rise in conducted emission from power electronics and lighting equipment, currently the 

shift from the old incandescent lamps to more efficient and low-cost lamps like fluorescent 

lamp, CFL and LED lamps bring new set of challenges to the power quality in distribution 

system and interferences to other consumer electronic equipment. However, the real impact on 

the grid due to conducted emission in the supraharmonic frequency range need to study in 

detail unlike lower order harmonics distortion. The characteristics of CFL and LED are non-

linear unlike incandescent lamps which is a resistive load. 

Research paper [1, 6] show that low-power lighting devices (CFL and LED) are well known to 

have high harmonic distortion (and other power quality problems) in the lower frequency range 

below 2 kHz. The characteristics of CFL and LED are non-linear unlike incandescent lamps 

which is a resistive load. Due to this behavior they draw non sinusoidal waveform  

For this work, Laboratory measurements have been conducted on CFL and LED lamps to 

characterize the conducted disturbance/emission at the supraharmonic frequency. 

Measurements were performed on individual lamps and up to 10 lamps to present voltage 

distortion within the frequency range of 2 kHz and 150 kHz operating from the same power 

supply. The result of the measurement is presented in time and the frequency domain as well 

as in and using time-frequency domain in spectrograms. 

 

5.2 Materials & Measurement Methods  

There a standard set by IEC to different equipment to regulate permissible levels of emission 

generated by consumer electronics, lighting equipment or any other product in order to 

maintain electromagnetic compatibility (EMC) [7]. Which is applicable for conducted and 

radiated emissions in the frequency range of 9 kHz to 4 GHz. The emission limit is in form of 

voltage magnitude at the mains terminal voltages for the frequency range 9 kHz to 30 MHz are 

given in Table 1. 

Table 1 – Disturbance voltage limits at mains terminals [7] 

Frequency range Limits 

dB(μV)a 

Quasi-peak  Average 

9 kHz to 50 kHz  110 - 

50 kHz to 150 kHz 90 to 80b - 

150 kHz to 0,5 MHz 66 to 56b 56 to 46b 

0,5 MHz to 5,0 MHz 56c  46c  

5 MHz to 30 MHz 60 50 
a At the transition frequency, the lower limit applies.  
b The limit decreases linearly with the logarithm of the frequency in the ranges 50 kHz to 

150 kHz and 150 kHz to 0,5 MHz.  
c For electrodeless lamps and luminaires, the limit in the frequency range of 2,51 MHz to 3,0 

MHz is 73 dB(μV) quasi-peak and 63 dB(μV) average. 
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The lack of standards specifically on how to perform the measurement and test in the 

supraharmonic frequency range, domestic appliances are normally designed to comply only 

with harmonic emissions typically 2-9 kHz [8].  

Before doing any conducted emission measurement, the connection set up of the instrument 

must be according to the standard. Line impedance stabilization network (LISN) must use to 

filter out the dominant lower order harmonics.  

As shown in the figure 1 the voltage supply to the light box (EUT) is directly from the low 

voltage network impedance since it provides stable voltage.  

 
Figure 1: Single-phase measurement setup [8] 

 

5.3 Results  

5.3.1  Time domain result 

 

The current drawn by the CFL and LED lamps from the LISN network are shown in figure 2 

and 3 respectively. The current feeding the both lamps have visible oscillation in the current 

waveform. The current measurements using the LFR current probe. 

 
Figure 2: Current drawn by CFL lamp 
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Figure 3: Current drawn by LED lamp 

 

The emission measure result of CFL and LED lamps in time domain is shown in figure 4 and 

5. When looking at the voltage signal in time domain it was seen that the character of varies 

throughout one cycle of the power-system frequency. 

  
Figure 4: Emission voltage of a single of CFL lamp 

 
Figure 5: Emission voltage of a single of LED lamp  
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5.3.2 Frequency Domain Result 

 

The first measurement conducted was examine if there is any background noise in the system 

from any other equipment in laboratory, when whole connection setup to the LISN was done. 

The narrow band speck around 60 kHz and some noises below 10kHz are as shown in the 

figure 6, that is not generated from the lamps (EUT) and significant compared to the measured 

voltage spectrum from the CFL, LED and FL lamps. 

  
Figure 6: Background noise voltage (Right) when lamp is switched OFF, with 200Hz band 

 

Figure 7 and figure 8 shows the spectra components of measured voltage in 200-Hz bandwidth 

of the CFL and LED lamps respectively. 

 

 
Figure 7: Voltage spectrum of a single of CFL lamp with 200Hz band 
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Figure 8: Voltage spectrum of a single of LED lamp with 200Hz band 

 

There are some dominant broadband spectrum components around 40kHz and 80kHz and third 

component around 120 kHz in the CFL lamps, which is associated with the high frequency 

ballasts, the main cause is related with active PFC is not reducing the harmonics distortion. 

In contrast to the CFL, the LED measurement has no high frequency ballast. But the amplitude 

distortion in the lower frequency below 10 kHz is much higher in the LED lamps compared to 

CFL lamps. The measured magnitude of voltage spectrum is decreasing as the frequency 

increasing. The background noise is visible in both the CFL and LED lamps   

 

The voltage spectrum components are shown in the figure 9 and 10 below to understand impact 

of increasing the number of lamps on the harmonic emission from the lamps, does it cause 

cancellation of harmonics in the power system if the number of lamps increase? 

It is unclear from the figure 12 to find relation between the number of lamps and harmonics 

emission unless it is verified. But there is reduction of harmonics distortion at higher frequency 

above 70 kHz.  

In figure 13 show that increasing the number of LED lamps has no impact the magnitude of 

conducted emission throughout the frequency range from  

Calculating the THD for each measurement on different frequency ranges as the lamp increase 

is required, since somewhat hard to make conclusion from the figures 12 and 13. 

 



Marie Skłodowska-Curie  Smart Cities EMC Network for Training D6.1 

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 

 

12 

 
Figure 9: Comparison of the voltage FFT spectrum of single and 10 CFL lamps 

 
Figure 10: Comparison of the voltage FFT spectrum of single and 10 LED lamps 

 

5.4 Spectrogram Result 

5.4.1 Spectrogram Result of CFL and LED lamps 

Spectrogram representation give additional information next to the time and frequency-domain 

representations. The spectrogram for the current feeding the CFL and LED lamp is shown in 

figure 11 and figure 12, that is correspond to the time domain signal of figure 2 and figure 3 

respectively.    
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Figure 11: STFT spectrogram of the current feeding a CFL lamp. 

 
Figure 12: STFT spectrogram of the current feeding a LED lamp. 

 

The spectrogram of the voltage emission from the CLF and LED lamp as shown in figure 13 

and 14 that is correspond with the waveform with high frequency distortion in figure 7 and 8.  

This better shows where the main signal energy is concentrated in the time-frequency behavior. 
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Figure 13: Voltage spectrogram of CFL lamp in the frequency range 0 kHz to 150 kHz 

   
Figure 14: Spectrogram of LED lamp in the frequency range 0 kHz to 150 kHz   
 

There is very strong rise the power density around the 40 kHz and 80kHz that is directly related 

with electronic ballast to keep the current through CFL lamp stable voltage by igniting an arc 

discharge at high frequency. In CFL Lamps conducted disturbances within the 0-150 kHz 

frequency range are strongly related to the switching frequency of the lamps. But LED lamps 

has high concentration of energy in the lower frequency that is below 10 kHz.  

 

 

 

 

 

 



Marie Skłodowska-Curie  Smart Cities EMC Network for Training D6.1 

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 

 

15 

5.4.2 Spectrogram result of flourescent lamp (FL) 

  
Figure 15: Current drawn by FL lamp 1 

 
Figure 16. STFT spectrogram of the current feeding a fluorescent FL lamp 1 

 

  
Figure 17: Current drawn by FL lamp 2 
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Figure 18. STFT spectrogram of the current feeding a fluorescent FL lamp 2 

 

  
 Figure 19: Current drawn by FL lamp 3 

 

  
Figure 20: STFT spectrogram of the current feeding a fluorescent lamp FL 3 
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5.5 Transient Measurement 

Transients are one of the power quality issue and its effect is mainly limited to local equipment. 

Transients generated by switching actions in the end-user equipment have the potential of 

equipment malfunction and damage. 

The transient signal is generated when switching CFL lamp, the voltage rises to pick value in 

very short time as shown in the figure 21.  

 

Figure 21: Transient Voltage drawn by CFL lamp  

 

We can see its effect on digital signal generated and producing error in the transmission line as 

shown in figure 22. Transient interference in the digital signal is caused by a single CFL lamp 

even if it occurs for a very short time as  

 
Figure 22: Transient Voltage of CFL lamp and digital signal in transmission line 
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6 Conclusion 

The main contribution of this report is to present a preliminary result of the measurement 

conducted in laboratory to find out the conducted harmonic distortion from different lighting 

equipment but detail analysis and understanding of the result presented in the frequency range 

2 kHz to 150 kHz is required and analyse and interpret the measurements will be done in the 

future work. 
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