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Abstract - The measured flicker levels by using the IEC 
standard 61000-4-15 often far exceed the established 
compatibility levels, even without the existence of 
consumer complaints. The poor measurement/complaint 
correlation due to the use of IEC flickermeter can be 
explained by two significant hypotheses. Firstly, modern 
lightning may be significantly less sensitive to voltage 
fluctuations than standard incandescent lamps upon 
which the entire IEC flickermeter concept is based. As a 
result, the luminous flux density (illuminance) variation 
from modern lamp bulbs is not well represented by the 
IEC flickermeter. Furthermore, the IEC standard 61000-
4-15 is not able to detect flicker caused by high 
interharmonics components. In this connection, the 
flicker severity index measured by the IEC flickermeter 
to evaluate the flicker effect in modern lamp bulbs is 
controversial. Thus, would be the flicker planning levels 
and flicker requirements adequate to this scenario? This 
work presents a method to evaluate the flicker effect by 
taking into account the direct response of the illuminance 
variation.  The test results have indicated a better 
correlation between measured flicker level and user 
complaint for all lamps tested in this study. 
 

Keywords – Flicker, IEC flickermeter, Illuminance, 
Interharmonic, Voltage fluctuation. 

1 
 I.  INTRODUCTION 

 
According to the International Electrotechnical 

Vocabulary (IEV) [1] of the International Electrotechnical 
Committee (IEC), flicker is defined as “Impression of 
unsteadiness of visual sensation induced by a light stimulus 
whose luminance or spectral distribution fluctuates with 
time”. 

The flicker assessment can be divided in three different 
tasks: disturbance source modelling, measurement and 
mitigation. The main flicker source are the time-varying 
loads, including both regularly and irregularly fluctuating 
loads [2]. The most commonly used devices to improve the 
voltage fluctuations in  power system are the static VAR  or 
reactive compensators (being var the volt ampere reactive) 
and the distribution static synchronous compensator 
(DSTATCOM) [3]. Other alternatives for mitigating the 
flicker effect are related to series compensation [4] and 
optimized half-cycle power control [5]. The accepted 
worldwide protocol for flicker measurement is the IEC 
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standard 61000-4-15 [6]. However, this work will focus on 
the meter issue since in some situations the IEC protocol 
does not present a good correlation between the magnitude of 
the measured index and the flicker effect itself.  According to 
IEC standard 61000-4-15, the voltage fluctuation disturbance 
must be measured and quantified using a measurement 
instrument called flickermeter. The IEC flickermeter 
quantifies the physiological malaise suffered by the human 
eye when subjected to a luminous fluctuation of a reference 
incandescent lamp (IL). However, due to energy-saving 
measures related to lighting, the incandescent lamps are 
being banned and replaced by modern energy efficient lamps 
(for example, compact fluorescent lamp (CFL) and light-
emitting diode (LED) lamp). This new scenario has revealed 
some flickermeter limitations. There are situations that light 
flicker effect is noted in fluorescent lamps, while for 
incandescent lamps is not observed any problem [7]. Then, 
the flickermeter would be probably omitting an existing 
disturbance at the electrical system. Moreover, it is 
worthwhile to highlight that voltage fluctuation is not only 
correlated to load abrupt changes, but it is also associated 
with the presence of interharmonic components in the power 
line [8]-[11]. As consequence, this scenario can represent a 
fragile structure to measure the relationship between  the 
impact of voltage fluctuations on electronic equipment 
supplied by switched sources. In accordance with [12], it is 
shown that the filter capacitor will acumulate and dissipate 
higher amount  of charge when the rectifier is subjected to ac 
source voltage fluctuations. In fact, the rms value of the 
capacitor current  will increase as the voltage modulation 
varies in frequency and magnitude. This is the reason that 
explains the effect of the supply with a voltage fluctuation 
component containing inter-harmonics upon the switched 
source stresses and the correponding reduction on the 
equipment life expectance.  

Many works have proposed new methods or even IEC 
flickermeter improvements aiming to obtain a better 
correlation between an index that quantifies the light flicker 
effect and the user complaint.  Some enhancements of the 
standard flickermeter have been suggested [13]-[16], but the 
most promising proposals show that correct and reliable 
measurements of the annoyance produced by flicker can be 
performed only by direct measurement and process of the 
light emitted by the actual lamp. In [17], the flickermeter is 
improved by using different weighting filters, which can 
represent the flicker responses for different lamp 
technologies. Even though different lamps types are 
represented, the model was not evaluated with the presence 
of interharmonics components.  A dynamic analytical model 
of the eye-brain system has been presented and discussed in 
[18] and [19]. However, the authors have revealed that the 
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model is a simplified representation of a highly complex 
phenomenon and they are still testing the validity of the 
proposed model. The eye-brain response to flicker effect by 
studying the relationship between light and human optic 
nerve blood flow has been proposed in [20]. There is also a 
study focused on the measurement of the pupil diameter 
under flicker conditions [21]. However, the experimental 
results of aforementioned references are preliminary and 
more research is necessary. Some works analyse the 
luminous flux density behavior due to voltage fluctuation 
effect [22], [23]. In [22] the authors used the illuminance 
response just to make evident the IEC flickermeter 
deficiency, that is, they do not propose any method to 
improve the flicker evaluation. On the other hand, in [23] is 
proposed a modified flickermeter using the direct 
measurement of the light emitted by the lamp. But this work 
analyses just the flicker effect. It is worthwhile to highlight 
that the flicker is just one effect of the possible impacts 
caused by voltage fluctuation. 

It is clear that the flickermeter presents deficiencies and 
the interest of the scientific community has been focused on 
the development of improved measurement techniques. In 
this connection, this paper proposes a new technique focused 
on the luminous flux density variation and on the original 
flickermeter Pst curve to qualify and quantify the light 
flicker effect. Then, a new sensibility curve is suggested. 
From such curve will be able to extend the impact of voltage 
fluctuation to other effects, without using the direct 
measurement of the light emitted, but just the voltage signal. 
The paper is organized as follows: Section II highlights the 
limitations of IEC standard 61000-4-15 through a theoretical 
and laboratorial analysis. The illuminance variation 
characteristic in incandescent lamp, LED lamp and compact 
fluorescent lamp as well is shown in Section III. Section IV 
introduces the new technique and reports the main results of 
the study. Finally, conclusions are summarized in Section V. 

 
 II. DEFICIENCIES OF THE IEC FLICKERMETER 

 
IEC flickermeter has been widely accepted as an 

international standard for flicker severity measurement. 
However, the IEC standard 61000-4-15 is unable to measure 
flickers caused by interharmonics whose frequencies are 
higher than 102 Hz (60 Hz systems) or 85 Hz (50 Hz 
systems) [8]. Such interharmonics are not uncommon. 
Current or voltage source inverter based variable frequency 
drives (VFDs), phase angle and cycle-by-cycle power 
control, HVDC links, and other static-frequency converters 
can become major sources of such interharmonics in power 
systems [2], [5]. 

Aiming to know more about such deficiency, it is 
interesting to describe some characteristics of IEC standard 
61000-4-15. The IEC flickermeter is essentially a signal 
processing tool, which has the voltage as input signal and the 
instantaneous flicker sensation as output signal. Figure 1 
shows the block diagram of the IEC flickermeter.  

If the fluctuation magnitude is sufficiently large and the 
fluctuation frequency is in a range perceptible by human eyes 
(0.5 to 30 Hz), a light flicker will occur. It is documented 
that the voltage fluctuation magnitude as small as 0.32% of 

the fundamental magnitude at critical flicker frequency (8.8 
Hz) can cause light flicker [8]. 

 

 
Fig. 1.  Block diagram of the IEC flickermeter. 

 
The functionality of each of the five blocks of the IEC 

flickermeter is described as follows [6], [24]: 
 Block 1: scales the input voltage level to an internal 

reference value; 
 Block 2: recovers the voltage fluctuation by squaring 

the scaled input voltage; 
 Block 3: it is composed specially of a weighting filter, 

which simulates the frequency response of the human 
visual system to sinusoidal voltage fluctuations of an 
incandescent lamp. The point of maximum sensitivity 
to flicker is approximately 8.8 Hz; 

 Block 4: simulates the nonlinear eye–brain perception 
and provides a sliding mean averaging of the signal to 
simulate the storage effect in the brain; 

 Block 5: performs the statistical classification of the 
instantaneous flicker sensation, i.e., the output of Block 
4. This computation over 10 minutes is defined as the 
short-term flicker severity, called Pst. The long-term 
flicker severity, called Plt, shall be derivate from the 
short-term severity values, Pst, over an appropriate 
period related to the duty cycle of the load or a period 
over which an observer may react to flicker. It is 
recommended 2 hours period, i.e., 12 Pst values [5], 
[25]. The recommended practice for measurement and 
limits of voltage fluctuations can be found in [26]. 

 
A. Theoretical Analysis 

When a voltage waveform contains interharmonics, the 
rms and peak magnitudes of the waveform will fluctuate in a 
corresponding way. These interharmonic components are 
classically produced by VFDs, arc furnaces and fluctuating 
loads, amongst others. By taking into account the current 
(CSI) or voltage (VSI) source inverters, the produced 
interharmonic frequencies are largely dependent on the dc 
side ripple. For example, for a 6-pulse rectifier, the 
characteristic frequencies are 60 Hz, 300 Hz, 420 Hz, 660 
Hz, etc. If the dc side has a ripple of 177 Hz, the ac side 
current will be modulated as 60 ± 177 Hz, 300 ± 177 Hz, 420 
± 177 Hz, 660 ± 177 Hz, etc. Concerning the arc furnaces, 
significant interharmonics are found around the supply 
voltage fundamental frequency. The dc arc furnace can be 
characterized by a significant presence of interharmonics 
around the harmonics of the ac/dc converters. Due to the 
chaotic behavior of the arc, the interharmonics generated by 
these devices are characterized by a random change of the 
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frequencies. As for the regularly fluctuating loads (laser 
printers, welder machines, devices with integral cycle 
control), once again a large harmonic and interharmonc 
spectrum may be found [27]. Finally, it must be stressed that 
the interharmonic frequencies produced by such equipment 
are largely produced bellow 100 Hz. 

In this regard, aiming to analyze the interharmonic effect, 
a careful analysis of IEC flickermeter performance using the 
LabView platform is presented in this section. The 
simulations are based on the following voltage signal [8], [9]:  

 
IHIH tffAtfVv 111 2sin2sin          (1) 

 
where: 
V1 - fundamental voltage peak magnitude; 
f1 - fundamental frequency; 
AIH - interharmonic relative magnitude; 
f1 + f = fIH - interharmonic frequency; 

IH - interharmonic phase angle. 
 

Figure 2 shows the Pst values after varying from 45 to 
140 Hz, i.e., taking into account an interharmonic range from 
105 to 200 Hz, with relative magnitude of 0.05 – 1.0 pu. It 
worthwhile to highlight that superposition of an 
interharmonic component can cause modulation just in the 
range from 0 to 30 Hz [22]. 

 

 
Fig. 2.  Pst characteristic against interharmonic relative magnitude 
and frequency. 

 
It can be seen that when the interharmonic frequency is 

very high, even if the interharmonic magnitude is equal to 
the fundamental frequency  magnitude, the Pst is very small, 
indicating no flicker. It is concluded that the IEC 
flickermeter cannot assess flicker caused by high 
interharmonics frequencies. A careful analysis of the 
flickermeter algorithm reveals that the problem is caused by 
the band-pass filter of Block 3 or by the squaring function of 
Block 2 of the IEC flickermeter. The filter eliminates the DC 
and high frequency components since it is judged that human 
brains are not sensitive to those frequencies [8], [9]. 

 
B. Laboratorial Analysis  

Figure 3 summarizes a schematic diagram of flicker 
experimental setup developed to investigate the poor 
correlation between measured flicker level and user 

complaint under interharmonics in three different types of 
lamps, as follows: 

 Incandescent lamp (IL): When the current flows 
through the resistance of the filament, energy is 
released in the form of heat and light [28]. Due to the 
simple model of such lamp, different manufactures will 
have similar flicker response. Moreover, such lamp is 
more sensitive to rms voltage fluctuation [9];  

 Compact fluorescent lamp (CFL): The compact 
fluorescent lamp comprises five blocks: AC filter, 
rectifier, DC filter, inverter and the light bulb [23]. In 
this work, a popular model with electronic ballast to 
represent the great part of the compact fluorescent lamp 
was used. Such lamp present similar flicker response to 
other ones and they are more sensitive to peak voltage 
fluctuation [9]. It is worthwhile to highlight that light 
output from fluorescent lamps is mainly determined by 
power applied to them, because the arc discharging 
power provided by an ac ballasting circuit tends to 
cause the cyclic variation and thus lead to fluctuation in 
light output [29]; 

 LED lamp: This device is also equipped with a voltage 
converters. A typical low-wattage LED ballast consists 
of an electromagnetic interference (EMI) filter, a diode 
bridge full wave rectifier for converting AC to DC, a 
smoothing capacitor which provides pure DC link 
voltage to the converter, a PWM controlled constant 
current source converter for DC to DC conversion, and 
an array of LEDs. In this work, it was used a LED lamp 
with similar response to CFL. This results that LED 
lamps are more sensitive to peak voltage fluctuation 
than rms voltage fluctuation. However, due to the 
effects of the junction temperature on the LED 
luminous efficacy, it is worthwhile to highlight that can 
be found LED lamps, which are more or less sensitive 
to voltage fluctuation  since  can exist different thermal 
designs [30], [31]. 

 
Fig. 3.  Schematic diagram of flicker experimental setup. 

 
The system as shown in Figure 3 can be separated into the 

following parts: 
 Programmable Power Supply: It generates the voltage 

fluctuation disturbance; 
 Circuit Breaker (CB): Overcurrent protection device of 

the electrical installation; 
 Lamps:  

- IL: OSRAM, 60 W, 127 V – 60 Hz;  
- CFL: FLC, 20 W, 127 V – 60 Hz, 3U type; 
- LED: ECOLUME PAR20, 3 W, 127 V. 

 Power Quality Meter 1 (PQM 1): Reference device meter 
used for Pst evaluation; 
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 PC 1: Data analysis of PQM 1;  
 Power Quality Meter 2 (PQM 2): It allows observation of 

current and voltage waveform through PC 2;  
 PC 2: Data analysis of PQM 2. 

 
The programmable power source used in this work 

generates pairs of inter-harmonic components. Thus, a 
frequency setting  equal to 105 Hz will produce a pair of 
interharmonics at 45 Hz and 165 Hz, i.e., | 60 Hz ± 105 Hz |. 
Then, such pair of interharmonics will cause a voltage 
modulation of 15 Hz, which can be explained as follows 
[11]: 

 

Hz  1560316560145
122111

nfluctuatio

IHIHIHIHnfluctuatio

f

fhffhff  (2) 

 
where: 
fIH1 - interharmonic frequency 1; 
fIH2 - interharmonic frequency 2; 
hIH1 - harmonic order closest to fIH1; 
hIH2 - harmonic order closest to fIH2. 
 

In this regard, the programmable power supply can be 
used to generate high interharmonics frequencies. Therefore, 
aiming to detect the flicker light effect and analyze the IEC 
flickermeter performance, voltage fluctuations with different 
magnitudes and frequencies were applied to three lamps 
types, as follows: 60W-127V incandescent lamp, 15W-127V 
compact fluorescent lamp, and 3W-127V LED lamp. Table I 
shows the frequency settings at programmable power supply 
to investigate each lamp. The three studied cases were 
chosen in such a way to analyze different frequency ranges. 

 
TABLE I  

Case Studies 

Case 
Frequency 

(f) 
(Hz) 

Fluctuation 
Magnitude (m) 

(%) 

fIH1 
(Hz) 

fIH2 
(Hz) 

1 10 1 50 70 
2 166.5 8 106.5 226.5 
3 200 10 140 260 

 
1) Case 1 - From Table II, it can be seen that the Pst for 

the three lamps types is in agreement with the flicker 
perception, that is, the IEC flickermeter did not present any 
problem. 

 
TABLE II  

Case Study 1 Results 
Parameter Lamp Type 

IL CFL LED 
Pst [pu] (IEC Flickermeter) 2.49 2.49 2.49 

Flicker perception Yes Yes Yes 
Fluctuation frequency [Hz] 10 10 10 

 
Figure 4 illustrates the pair of interharmonics for this case 

study. It can be noted that both frequencies match with those 
presented in Table I. 

Even though the relative magnitude for this study case is 
just 1.0%, it was observed flicker effect in all lamps. It is 
explained by the voltage modulation being close to the point 

of maximum sensitivity to flicker (8.8 Hz). Figures 5 and 6 
can also highlight this fact. It can be seen a peak voltage 
modulation (see Figure 5), and a rms voltage modulation as 
well (see Figure 6). It is worthwhile to highlight that 
incandescent lamps are sensitive to rms voltage fluctuation, 
while the compact fluorescent lamps are sensitive to peak 
voltage fluctuation. Moreover, from the experimental results, 
it was verified that the LED lamp exhibits flicker response 
similar to that of compact fluorescent lamp. 

 

 
Fig. 4.  Voltage frequency spectrum for tests in CFL, IL and LED 
lamp. Case study 1:  f = 10 Hz, m = 1%. 

  

 
Fig. 5.  Voltage waveform for tests in CFL, IL and LED lamp. Case 
study 1:  f = 10 Hz, m = 1%. 
 

 
Fig. 6.  RMS voltage for tests in CFL, IL and LED lamp. Case study 
1:  f = 10 Hz, m = 1%. 

 
2) Case 2 - Table III presents the results for case study 2 

and highlights the IEC flickermeter deficiency. It can be 
observed that exists a discrepancy between the Pst value and 
the user complaint for the CFL and LED lamp. As described 
before, this deficiency can be explained by the high 
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interharmonics components. In this case study, the voltage 
waveform contains a pair of interharmonics at 106.5 Hz and 
226.5 Hz. Figure 7 illustrates the frequency spectrum.  

The results can also be justified by analyzing the peak and 
rms voltage fluctuation. The peak voltage fluctuation of 13.5 
[Hz] is clearly noted by seeing Figure 8. As a result, there is 
flicker effect in the CFL and LED lamp. On the other hand, 
there is no much rms voltage fluctuation (see Figure 9). 
Therefore, there is no flicker effect in the incandescent lamp. 

 
TABLE III 

Case Study 2 Results 
Parameter Lamp Type 

IL CFL LED 
Pst [pu] (IEC Flickermeter) 0.53 0.74 0.79 

Flicker perception No Yes Yes 
Fluctuation frequency [Hz] 13.58 13.58 13.58 

 

 
Fig. 7.  Voltage frequency spectrum for tests in CFL, IL and LED 
lamp. Case study 2:  f = 166.5 Hz, m = 8%. 

 

 
Fig. 8.  Voltage waveform for tests in CFL, IL and LED lamp. Case 
study 2:  f = 166.5 Hz, m = 8%. 
 

 
Fig. 9.  RMS voltage for tests in CFL, IL and LED lamp. Case study 
2:  f = 166.5 Hz, m = 8%. 

3) Case 3 - Finally, as shown in Table IV, for this case 
study the measured Pst by the IEC flickermeter is in 
agreement with the human observation of flicker taking into 
account all lamps.  

 
TABLE IV 

 Case Study 3 Results 
Parameter Lamp Type 

IL CFL LED 
Pst [pu] (IEC Flickermeter) 0.44 0.46 0.47 

Flicker perception No No No 
Fluctuation frequency [Hz] 19.7 19.8 19.8 

 
Figure 10 presents the voltage frequency spectrum for 

such case study. Even though in such case study was applied 
the highest relative magnitude (10 %), this value is not 
enough to produce a flicker effect at the frequency 
modulation equal to 20 Hz (far from the point of maximum 
sensitivity of flicker), which is result of 140 Hz and 200 Hz 
interharmonics components. Figures 11 and 12 illustrate, 
respectively, the peak voltage fluctuation and the rms voltage 
fluctuation. 

 

 
Fig. 10.  Voltage frequency spectrum for tests in CFL, IL and LED 
lamp. Case study 3:  f = 200 Hz, m = 10%. 

 

 
Fig. 11.  Voltage waveform for tests in CFL, IL and LED lamp. 
Case study 3:  f = 200 Hz, m = 10%. 
 

III. ANALYSIS OF LUMINOUS FLUX DENSITY 
VARIATION 

  
Due to the clear IEC flickermeter deficiency discussed so 

far, the scientific community has been focused on the 
development of improved measurement techniques to 
evaluate the flicker effect. In this study, it was analyzed the 
response of illuminance under voltage fluctuation 
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/interharmonics and it is proposed a first step of a new 
method to quantify and qualify the flicker effect, called a 
“Flicker Lux Meter”. 
 

 
Fig. 12.  RMS voltage for tests in CFL, IL and LED lamp. Case 
study 3:  f = 200 Hz, m = 10%. 

 
To evidence the response of illuminance under 

interharmonics, some results related to the case study 2 are 
presented. This case study was chosen since it has indicated 
the IEC flickermeter limitation. To perform the experimental 
setup, as illustrated by Figure 13, two more devices were 
added to that one shown in Figure 3, as follows: 

 Light Sensor: Aiming at measuring the luminous flux 
density variation. The equipment is manufactured by 
INSTRUTHERM and it has a sensor to provide the 
spectral response in a similar way to the human eye 
response. The equipment herein referred has been 
housed in a black box with the lamp under test; 

 NI Device Data Acquisition (DAQ): NI USB-6008 (14-
bit, 12 kS/s). It receives the analogic signal from the 
light sensor and sends the data to PC 2. 

 

 
Fig. 13.  Schematic diagram of experimental setup to analyze the 
illuminance variation. 

 
Figures 14 and 15 illustrate, respectively, the illuminance 

and its frequency spectrum for the three lamps analyzed so 
far. Table V shows the numeric results. For this case study, 
the frequencies of illuminance waveforms at three lamps 
(46.5 Hz for IL and 27.5 Hz for CFL and LED) are different 
from the frequency of voltage fluctuation (13.58 Hz). It is 
can be explained by the different response of each lamp 
when there are high interharmonics at the voltage signal. 
 

IV. PROPOSED APPROACH 
 

The experimental results have revealed that a good way to 
evaluate the flicker effect is analysing the frequency and 

magnitude fluctuation of illuminance. If it is known the 
flicker limit related to the illuminance magnitude for each 
frequency located at 0 – 30 Hz range, a new sensitivity curve 
can be developed to evaluate the flicker effect. It is well 
known that flicker effect can be observed in an incandescent 
lamp for Pst value above 1.0 pu. In this regard, a good 
strategy to consider all sensibility frequency range of the 
sensor light, without requiring a group of volunteers, is 
acquired by analyzing the frequency and magnitude of 
illuminance in the incandescent lamp while the Pst is equal 
to 1.0 pu for each frequency located at 0 – 30 Hz range. As a 
result of this strategy, it was obtained a new flicker 
sensibility curve through the performed sweep frequency 
response. Even though it was used an incandescent lamp, this 
curve can be applied for any lamp since the flicker effect was 
acquired by a direct response of the modulation light. 

 
TABLE V 

 Numeric Results of Illuminance Variation for IL, CFL 
and LED lamp at f = 166.5 Hz and m = 8% 

Parameter Lamp Type 
IL CFL LED 

Frequency analyzed [Hz]  46.5 27.25 27.25 
Illuminance magnitude [%] 0.18 0.92 1.06 

 

 
Fig. 14.  Illuminance waveform - Case study: f = 166.5 Hz, m = 8%: 
(a) IL lamp; (b) CFL lamp; (c) LED lamp. 
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Fig. 15.  Illuminance frequency spectrum - Case study: f = 166.5 
Hz, m = 8%: (a) IL lamp; (b) CFL lamp; (c) LED lamp. 

 
Figure 16 illustrates four sensibility curves (solid lines) 

based on the illuminance variation taking into account 0.5 
pu, 1.0 pu, 2.0 pu and 3.0 pu Pst value. 

After measuring, the 0.5 pu, 2.0 pu and 3.0 pu sensibility 
curves were calculated as follows: 

 
)()( 0.1][ fluxkflux pupuK  (3) 

 
where: 
k - value in [pu], which indicates the 

sensibility curve to be calculated. 
lux[K]pu (f) - illuminance magnitude [mlx] related to the 

k pu sensibility curve for a frequency f 
located at 0 – 30 Hz range. 

lux1,0pu (f) - illuminance magnitude [mlx] related to the 
1.0 pu sensibility curve for a frequency f 
located at 0 – 30 Hz range. 

 
The calculated curves using (3) are also presented in 

Figure 16 (dashed lines). From that, it was possible to verify 
that illuminance variation is directly proportional to the 

reference curve. As highlighted by Table VI, the Pearson 
correlation coefficients indicated a good approximation 
between the measured and calculated curves. As expected, 
the point of maximum sensitivity of the flicker lux meter is 
located around 8.8 Hz. 

 

 
Fig. 16.  Flicker sensibility curves based on the illuminance 
variation – “Flicker Lux Meter”. 

 
TABLE VI 

 Correlation Analysis for the Measured and Calculated 
Sensibility Curves 

Sensibility curve Pearson Correlation Coefficient 
0.5 [pu] 0.9793 
2.0 [pu] 0.9961 
3.0 [pu] 0.9965 

 

The next step was to introduce an index to indicate the 
flicker severity. This new index was called a Plux. Then, it 
was developed a polynomial equation, shown in (4), to 
represent the reference sensibility curve of the flicker lux 
meter highlighted in Figure 17. For that, it was used the 
least-square polynomial approximation, which was 
developed in LabView software. 

 
k

i

k
luxk

i
luxiluxluxpu fafafaflux

0

0
00.1 )(  (4) 

 
where:  
flux - illuminance frequency [Hz]. 
a0,a1,...,ai - polynomial coefficients (5): 
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a
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a
a

 
(5) 

 
As the flicker sensibility curves of the flicker lux meter 

are directly proportional with different Pst values, the new 
index, Plux, can be calculated by: 
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)(
)(

0.1 luxpu

luxmeasured
lux flux

flux
P  (6) 

 
where: 
 
luxmeasured(flux) - illuminance magnitude [mlx] measured 

for a specific illuminance frequency, flux. 
 

 
Fig. 17.  Final reference sensibility curve (1,0 p.u.) inserted into the 
flicker lux meter. 
 

Figure 18 presents the approximate curve (dashed line), as 
well as the reference sensibility curve of flicker lux meter 
(solid line). It can be seen a good approximation between the 
both curves.  
 

 
Fig. 18.  Approximate curve and reference sensibility curve of 
flicker lux meter. 

 
To evaluate the flicker lux meter performance, the new 

flicker severity index, Plux, was calculated and compared to 
the Pst index taking into account the characteristics of the 
three case studies analyzed in section II. Tables VII to IX 
summarize the numeric results for each case study. 

From the results, it can be seen that only the flicker lux 
meter had a good performance for all case studies. The IEC 
flickermeter failed for the case study 2. 

 

TABLE VII 
 IEC Flickermeter and Flicker Lux Meter Performance 

for an IL, CFL and LED lamp – Case Study 1:  f = 10 Hz, 
m = 1% 

Parameter Lamp Type 
IL CFL LED 

Flicker perception Yes Yes Yes 
Pst [pu] (IEC Flickermeter) 2.49 2.49 2.49 

Plux [pu] 1.54 1.04 1.44 

TABLE VIII 
 IEC Flickermeter and Flicker Lux Meter Performance 

for IL, CFL and LED lamp – Case Study 2:  f = 166.5 Hz, 
m = 8% 

Parameter Lamp Type 
IL CFL LED 

Flicker perception No Yes Yes 
Pst [pu] (IEC Flickermeter) 0.53 0.79 0.54 

Plux [pu] 0.03 1.42 1.65 
 

TABLE IX 
 IEC Flickermeter and Flicker Lux Meter Performance 
for IL, CFL and LED lamp – Case Study 3:  f = 200 Hz, 

m = 10% 
Parameter Lamp Type 

IL CFL LED 
Flicker perception No No No 

Pst [pu] (IEC Flickermeter) 0.44 0.46 0.47 
Plux [pu] 0.002 0.37 0.77 

 
By applying a relative voltage fluctuation of 1% at the 

range 2 – 30 Hz in 17 different lamps (IL, CFL and LED 
type), it can be noted from Figure 19 that great part of CFL 
and LED lamps tested have a similar response. Therefore, it 
can be concluded that such lamps would present a similar 
response of those ones presented in Tables VII, VIII and IX. 
Moreover, these results highlight that Plux is a robustness 
index to be used as reference for further works. 

 

 
Fig. 19.  Plux characterisitic for different lamps under fluctuation 
magnitude of 1%. 
 

V. CONCLUSIONS 
 

Initially, this paper highlighted the limitations of the 
current meter for evaluating the flicker effect. It was shown 
that high interharmonics, above 102 Hz (60 Hz systems), are 
neglected by the IEC flickermeter. In this regard, there are 
situations that Pst index presents a discrepancy with the 
human observation of flicker. This fact was shown through 
laboratorial analysis. As a result, this work proposed a new 
method to evaluate the flicker effect based on the 
illuminance variation. Then, it was performed experiment 
tests to analyze the illuminance by using a sensor light. From 
these tests, it was developed a new flicker sensibility curve. 
It was observed that the flicker severity index based on the 
illuminance sensibility curve, called a Plux, had a better 
response than the Pst index measured by the IEC 
flickermeter. Compared with major reviewed works, the 
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main feature of the proposed method is the introduction of a 
new short-term flicker severity, which will serve for further 
works as a reference to extend the analysis to other voltage 
fluctuations impacts and flicker effect itself by using only the 
voltage signal as input. Finally, it is worthwhile to point out 
that the test results are encouraging and the authors believe 
that the presented proposal may serve as a better way to 
evaluate the voltage fluctuation effect caused by 
interharmonic sources, specially those ones produced by 
VFDs and dc electric arc furnaces, which have significant 
presence of interharmonics around the harmonics of the ac/dc 
converters. 
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