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Flickermeter is a common name for a system that measures the obnoxiousness of flicker caused by voltage fluctuations. The output
of flickermeter is a value of short-term flicker severity indicator, Pst . This paper presents the results of the numerical simulations
that reconstruct the processing of flickermeter in frequency domain. With the use of standard test signals, the characteristics of
flickermeter were determined for the case of amplitude modulation of input signal, frequency modulation of input signal, and for
input signal with interharmonic component. For the needs of simulative research, elements of standard IEC flickermeter signal
chain as well as test signal source and tools for acquisition, archiving, and presentation of the obtained results were modeled. The
results were presented with a set of charts, and the specific fragments of the charts were pointed out and commented on. Some
examples of the influence of input signal’s bandwidth limitation on the flickermeter measurement result were presented for the
case of AM and FM modulation. In addition, the diagrams that enable the evaluation of flickermeter’s linearity were also presented.

1. Introduction
Flickermeter is a common name for a system that measures
the obnoxiousness of flicker caused by voltage fluctuations.
According to [1], flickermeter is an instrument designed to
measure any quantity representative of flicker. Flicker is an
impression of unsteadiness of visual sensation induced by
a light stimulus whose luminance or spectral distribution
fluctuates with time [2]. According to [3], flickermeter
is a flicker measuring apparatus to indicate the correct
flicker perception level for all practical voltage fluctuation
waveforms. The processing performed by this system’s signal
chain is complicated [4] to such an extent that it is not
easy to obtain output values only analytically. Bibliography
concerning this subject contains numerous works that
describe the operation and features of flickermeter [5–
10]. In most of them, authors reconstruct flickermeter’s
characteristics for the case of amplitude modulation (AM)
[3, 11, 12], input voltage with interharmonic component
[12–21], or step changes of input voltage phase [12, 22–
25]. The bibliography lacks publication on reconstructing
the characteristics of flickermeter processing in a systematic
and complex manner. Many discussions and comments
contain opinions that vaguely describe the way in which

flickermeter actually operates. For example, one of the most
common mistakes is the erroneous limitation of frequency
range for which the characteristics of IEC flickermeter are
constructed. This appears to come from wrong conclusion
that modulation with frequencies higher than 40 Hz does not
cause obnoxious flicker because the only flicker obnoxious
for human is limited to the frequency of 40 Hz. Nevertheless,
because of the way incandescent light sources function
(which is mapped in an IEC flickermeter block diagram with
operation of voltage squaring), flicker could be sensed for
frequencies of modulating signal higher than 40 Hz.
Herein, the results of numerical simulations that reconstructed the processing of signal chain of IEC flickermeter
will be presented. The research results presented here are
concerned with the processing of IEC flickermeter; in other
words, the flickermeter is built accordingly to IEC 61000-415, and thereby does not describe the flicker phenomenon
in general, for instance, for light source other than the one
defined in the standard. Therefore any modification of the
test signal path is abandoned. The novelty is a comprehensive
study of flickermeter for various voltage variation.
Owing to space constraint, this paper contains only
selected simulation results that are important from the
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analytical point of view or have some practical significance
[26].

2. Test Signals for Flickermeter Signal Chain
The dynamic properties of measuring devices are determined in frequency domain. The results of the research
on frequency domain are amplitude characteristics and,
if applicable, phase characteristics. The above-mentioned
means of determination of dynamic properties form the
classic approach to the subject. Therefore, an attempt has
been made to use them to test the flickermeter signal
chain while taking into account the occurrence of carrier
component in the input voltage. At the same time, an
assumption has been made that the tests will be carried out
in a steady state of the signal chain, that is, after the transient
component has completely faded out. This indicates that,
for example, step change of voltage will appear after the
signal uIN (t) (with some preset amplitude Um ) has been
applied previously for a time needed to fade out transient
component completely. One of the benefits of carrying out
the analysis of signal chain in time domain, besides enriching
the set of reference signals, is the possibility to obtain the
values of output and inner signals during the transient state
(which is helpful when trying to determine if any saturation
occurs) and to determine how long it takes for the transient
component to fade out.
An ideal input signal uIN (t) in steady state could be
expressed as:
uIN (t) = Um sin(ωc t),

(1)

where Um is the voltage amplitude, fc is the carrier wave
frequency (corresponding to the time period Tc ), ωc =
2π fc = 2π/Tc is the pulsatance of carrier wave, and t is time.
The test in the frequency domain will utilize the following input signals [27]:
(i) AM modulated with not suppressed carrier wave








ΔU
· u mod (t) ,
uIN (t) = Um cos(ωc t) 1 +
U

(2)

where u mod (t) is the modulating signal that satisfies
condition |u mod (t)|max = 1/2 and (ΔU/U) is the
modulation depth;
(ii) with single interharmonic component
uIN (t) = Um cos(ωc t) + Ui cos(ωi t),

(3)

where Ui is the interharmonic component amplitude
and ωi = 2π fi is the interharmonic component
pulsatance;
(iii) FM modulated [28]




uIN (t) = Um cos ωc t + 2πkFM



x(t)dt ,

(4)

where kFM is the carrier frequency modulation depth
scaling coeﬃcient and x(t) is the modulating signal,
frequency deviation Δ fFM
Δ fFM = kFM |x(t)|max .

(5)

3. IEC Flickermeter Simulator Structure
The system is composed of two main parts (Figure 1):
flickermeter signal chain modeled according to the standard
specification and simulation support block. The task of
simulation support block is to generate test signals with the
chosen time plots, amplitudes, and frequencies to determine
the rms value (uRMS (t)) of u(t) signal, to determine the value
of P42 signal, as well as to record and visualize selected signals.
The structure of the test signals source enables generation of
signal uIN (t) as a result of AM modulation, FM modulation,
or as a sum of carrier and interharmonic components.
Low-pass Butterworth-type filter of 6-order with a cut-oﬀ
frequency fLFP limits the bandwidth of uIN (t) signal.
The AGC block replaces an input transformer with
branches taps and input voltage conditioning circuitry. The
parameters of RMS/LPF filter were chosen so as to achieve
raising/falling time of u(t) signal equal to 1 min for the step
change of rms value. By assuming fc = 50 Hz as a frequency
of voltage in power network, filters from Figure 1 could be
specified as follows: f1d = 0.05 Hz, f1g = 35 Hz, f2 = 8.8 Hz
and f3 ∼
= 0.53 Hz (the detailed specification in [3]). IFL is
a signal that appears on output 5 in standard flickermeter
signal chain schema [3]. The value of P42 signal corresponds
to the maximal value of IFL signal. Statistical analysis block
calculates the value of short-term flicker severity indicator,
Pst , on the basis of statistical distribution of IFL signal.
All instantaneous values of Pst , P42 , and other signals
are recorded by the recording and visualization block. The
process model of flickermeter and simulation researches were
carried out by using the software application Matlab and
Matlab-Simulink [29, 30], using the solver ODE45 with
variable step (Dormand-Prince).

4. Basic Characteristics of
Flickermeter Processing
4.1. Specification of Flickermeter Basic Characteristics. The
following groups of characteristics were chosen to describe
the processing of flickermeter signal chain:
time plots of internal signals uRMS (t) and IFL during
of fading of intial transient component,
grouping of Pst output signal values for no-modulation state (signal uIN (t) in accordance with (1)),
dependence of output signal Pst and internal signal
P42 on frequency fm , modulating signal u mod (t)
type, and modulation depth (ΔU/U) (amplitude
modulation—signal uIN (t) in accordance with (2)),
dependence of the modulation depth (ΔU/U) on
frequency fm and modulating signal type for the
preset values of output signal Pst or internal signal P42
(amplitude modulation—signal uIN (t) in accordance
with (2)),
dependence of output Pst signal on interharmonic
component frequency, fi (signal with interharmonic
component—signal uIN (t) in accordance with (3)),
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Figure 1: Block diagram of simulative test-bed for flickermeter signal chain testing: RMS—True RMS converter, RMS/LPF—True
RMS converter with output low-pass filter, UR /UAV —signal divisor, UR —reference value, AGC—automatic gain control circuit, IFL—
instantaneous flicker level, S1 —selector of input signal uIN (t), S2 —selector of input signal for LPF filter.

dependence of interharmonic component amplitude
Ui on fi frequency for preset values of output
Pst signal (signal with interharmonic component—
signal uIN (t) in accordance with (3)),
dependence of output Pst signal on fm frequency and
frequency deviation Δ fFM (frequency modulation—
signal uIN (t) in accordance with (4)), and
dependence of frequency deviation Δ fFM on sinusoidal modulating signal fm for the preset values of
output Pst signal (FM modulation—signal uIN (t) in
accordance with (4)).
Characteristic groups, 1–3, 5, and 7, were obtained by
setting appropriate properties of the input signal uIN (t)
while recording the values of the respective signals. The
characteristic group denoted as 4 diﬀers from the other
groups in the way it was obtained. In that case, an iterative
algorithm for determination of modulation depth (ΔU/U)
was used, which is presented in Figure 2. In the standard
61000-4-15 [3], the action of the flickermeter for rectangular
and sine signal was defined, which modulates the amplitude
with a frequency of up to 33 Hz. However, the flicker
phenomenon also occurs for higher frequencies. Therefore,
this study has presented the characteristics of the full range
of frequencies that is likely to cause noticeable flicker. This
applies to the modulation characteristics of both AM and
FM. As the initial-phase modulating signal did not aﬀect
the rate of Pst , all simulations were performed for the initial
phase equal to zero. It is worth to point out the timeconsuming aspect of the simulation process. Observation
time was set to 10 min to satisfy the standard requirements.
To eliminate the influence of the transient state of signal
chain on the simulation result, 3 min of extra time was
added before each start of the standard observation period.
With the computer used for calculations, determination of
the simulations results took significantly more time. It took
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Figure 2: Modulation depth (ΔU/U) determination algorithm,
which was used during simulations. Waveform—shape of waveform, Pst(req) —preset value of Pst , ΔPst —Pst boundary value (calculation of (ΔU/U), for a given fm frequency value; ends when Pst
value enters the Pst(req) ± ΔPst range).

several dozens of hours to obtain multipoint characteristic,
especially when iterative algorithm was utilized. Characteristic groups 6 and 8 were build with the use of algorithm
presented in Figure 2, while substituting the modulation
depth (ΔU/U) with interharmonic component amplitude Ui
and frequency deviation Δ fFM , respectively.
4.2. Pst Measurement Result for Sinusoidal Input Signal uIN (t)
(without Modulation). When a steady sinusoidal signal
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without modulation (in accordance with (1)) is applied on
flickermeter input, the output Pst signal should remain at
zero. However, in case of standard flickermeter signal chain
[3], the Pst value for such an input signal is greater than zero.
Table 1 summarizes the values of Pst signal obtained with
simulations for diﬀerent orders of F1B filter.
The test for the absence of voltage variation indicates that
the real flickermeter Pst shall not be less than approx. 0.01
(if the meter shows Pst = 0, it can be inferred that in the
processing the “trick” was used).
4.3. Fading of Initial Transient Component. By assuming zero
initial conditions, when the signal, in accordance with (1)
is applied, some transient component appears. The fading
time of that component is determined using the features of
flickermeter signal chain. Figure 3 presents the fading out of
the transient component at the two distinctive points of the
signal chain: uRMS (t) signal at the output of AGC block and
IFL signal at the output 5 (see diagrams in Figure 3).
Analysis of Figure 3 leads to the following conclusions:
(i) the maximum value of uRMS (t) signal is about 105
times greater than the value at the steady state,
(ii) the maximum value that the IFL signal takes on is
about 4 · 1025 , while the value at the steady state is
zero, and
(iii) the fading out time of uRMS (t) signal transient
component is about 180 s, and the fading out time
of IFL signal transient component is about 120 s.
One of the eﬀects of such a large short-lasting value of
IFL signal may be the occurrence of saturation of flickermeter
signal chain. The occurrence of such state may have an eﬀect
on additional error of Pst indicator measurement, which
could be hard to estimate. Such erroneous state occurs when
the fluctuation of voltage is suﬃciently strong and repeats
over time. An example of such conditions is the fluctuation
of voltage in power circuit of arc furnace.
4.4. Flickermeter Processing Characteristics for AM Modulation
of Input Signal. The characteristics of flickermeter processing for AM-modulated input signals, described with (2),
can be divided into two groups. The first group contains
characteristics Pst = f ( fm ) for a preset modulation depth,
(ΔU/U) = const. The second group contains characteristics
(ΔU/U) = f ( fm ) for Pst = const and P42 = const.
Figure 4 presents the graph of Pst = f ( fm ) dependence
for sinusoidal, triangular, and rectangular modulating signal
u mod (t) with constant (ΔU/U) value. The modulation depth
was set to the value that guarantees unitary Pst indicator value
at frequency fm = 8.8 Hz, that is, for maximum sensing
of flicker. Flickermeter signal chain interrelates the output
Pst value with the parameters of input signal: modulation
depth (ΔU/U), frequency fm , and the shape of the signal.
To determine (ΔU/U) = f ( fm ) characteristics, the iterative
procedure was used, in which the shape of the modulating
signal was set along with fm and Pst values. Figures 5 and 6
present the sets of (ΔU/U) = f ( fm ) characteristics for three

Table 1: Comparison of P42 and Pst values for real filters.
Signal
P42
Pst

6
188 ppm
0.0098

Numerical simulations’ results
F1B order:
8
10
4.6 ppm
1.8 ppm
0.0015
0.00086

12
1.8 ppm
0.00085

modulating signals: rectangular, sinusoidal, and triangular
with P42 = 1 = const and Pst = 1 = const, respectively.
Verification of comparison of the selected characteristics
with points specified in the standard IEC61000-4-15 [3]
was carried out. Normative characteristics of the flickermeter’s processing specification are subject only to amplitude
modulation by using signals with frequency of up to 33 Hz.
The credibility of the simulation for higher frequencies has
already been evidenced by the observation of flickering
lights and by comparing with the results of model tests.
Comparison of the determined characteristics leads to the
conclusion that the most “obnoxious” modulation signal
is the rectangular one, and the least “obnoxious” is the
triangular one. Similar to the plot presented in Figure 4,
three local minima are observed to exist, with the distinction
that the minimal value of the modulation depth occurs for
the frequency fm = 8.8 Hz. The other extrema occur for
fm ∼
= 91 Hz and fm ∼
= 109 Hz. Relation (ΔU/U) = f ( fm )
for the case of modulation with rectangular signal cab be
distinguished by peculiar non-monotonicity in a frequency
range of 25 Hz–40 Hz.
The two groups of characteristics, Pst = f ( fm , (ΔU/U) =
const) and (ΔU/U) = f ( fm , Pst = const) are complemented
with Pst = f ((ΔU/U), fm = const) characteristic, which was
determined for modulation with rectangular signal, as presented in Figure 7. This enables verification of flickermeter
linearity, while assuming the modulation depth as an input
quantity and Pst as an output. Accordingly, it is possible to
state that, in general, flickermeter is not a linear system, but
for inputs that correspond to Pst > 0.1 (which means sensing
of flicker), this system is nearly linear.
Figure 8 presents the plot of Pst = f ( fLPF , fm ) for AM
modulation with rectangular signal. It gives the information
on how the bandwidth of the input signal uIN (t) reflects
in the flickermeter measurement result. The influence of
bandwidth limitation becomes visible for fLPF < 100 Hz.
4.5. Flickermeter Processing Characteristics for Input Signal with Single Interharmonic Component. An input signal
uIN (t) with single interharmonic component used to determine the characteristics of flickermeter processing is defined
using (3). Figure 9 presents the characteristic Ui = f ( fi , Pst =
1 const) constructed with the use of the algorithm presented
in Figure 2 while exchanging a modulation depth (ΔU/U)
with amplitude of interharmonic Ui . For the sake of comparison, the characteristic (ΔU/U) = f ( fm , Pst = 1 const)
for AM modulation with sinusoidal signal is also presented.
The main diﬀerence between the two is the value of fi / fm
frequency, for which the local minimum occurs. For the
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input signal with interharmonic component, the maximum
flicker sensing occurs at fm = 41.2 Hz and 58.8 Hz. It is
worth noting the diﬀerence between the signal with single
interharmonic component and the AM-modulated signal,
defined with (2). Amplitude-modulated signal contains at
least two interharmonics: in the case of modulation with
sinusoidal signal, it contains two interharmonics, and in the
case of modulation with deformed signals, it may contain,
theoretically, infinite number of interharmonics.
4.6. Flickermeter Processing Characteristics for FM Modulation
of Input Signal. The characteristics of flickermeter processing for input signals obtained as a result of FM modulation were obtained with signal defined as (4). Frequency
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modulation is a nonlinear operation. This fact complicates
the reproduction of flickermeter processing characteristic,
because the input signal must be specified in a way that
takes into account the working point of the signal chain.
Figure 10 presents a Pst = f ( fm , Δ fFM ) dependency for
frequency deviation Δ fFM of 0.05 Hz, 0.5 Hz, and 2 Hz, and
modulation with rectangular signals. The maximum of Pst =
f ( fm , Δ fFM ) characteristics occur at fm = 91.8 Hz. For a
case of modulation with rectangular signal, the dependency
is highly non-monotonic in a fm < 50 Hz frequency range.
The result of FM modulation is usually a broadband
signal. According to [3], “the pass bandwidth of input
stage . . . should not introduce an extensive suppression at
least up to 700 Hz.” Figure 11 presents the characteristic
Pst = f ( fLPF , fm , Δ fFM = 1 Hz) obtained for the changing
values of fm frequency. The bandwidth of the input signal
uIN (t) was limited with a low-pass LPF filter with a cutoﬀ frequency fLPF adjusted in the range of 50–800 Hz.
Surprisingly, to some extent, the resulting characteristic

shows that the limitation of the bandwidth leads to increased
value of output Pst signal for almost all of the preset values of
frequency fm .
The influence of fLPF bandwidth limitation on Pst measurement result depends on fm frequency value. Figure 12
presents the characteristic Pst = f ( fm , Δ fFM = 1 Hz, fLPF ) for
the case of FM with rectangular signal. The increase in the Pst
value for fm < 50 Hz can be clearly observed.
Figure 13 presents the Pst = f (Δ fFM , fm ) characteristic
for modulation with rectangular signal. The evaluation of
characteristic linearity is complex for both the cases. For
some values of fm frequency (i.e., 109 Hz, 91 Hz, and 78 Hz),
it could be treated as linear, for other values, it is nonlinear,
while for the smallest values, it is non-monotonic.
Figure 14 presents the Δ fFM = f ( fm , Pst = 1) characteristic for modulation with sinusoidal and rectangular signals.
This characteristic was reconstructed using the algorithm
presented in Figure 2, where the modulation depth (ΔU/U)
is replaced by frequency deviation Δ fFM .
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5. Discussion of Results
Based on the presented figures, the following conclusions
could be derived.
(1) Fading of Initial Transient Component
the fading out time of transient component of
IFL signal for zero initial conditions (Figure 3) is
about 120 s (even though the simulated signal chain
includes a block of raising/falling time equal to 60 s,
and the fading out time of the transient component
of the block equals to 180 s).
(2) For a Case of No Modulation
for a case of no modulation, the value of Pst indicator
is greater than zero (see Table 1) and depends on
the order of low-pass F1B filter. For order 6 of this
filter, which is recommended in [3], the Pst indicator
value is about 0.01. This means that the measurement
result of a real flickermeter cannot be lower than 0.01.
(3) For AM Modulation
(i) if an input signal uIN (t) is a result of AM modulation
(2), then the processing characteristic Pst = f ( fm )

1 Hz
=9

0.01
0.01

fm

=
z fm
8H
=7

fm =

z
10 H

H
109

fm =

z

z

33 H

fm =

3 Hz

fm = 1 Hz

0.1

1

10

fFM (Hz)

Figure 13: Pst = f (Δ fFM , fm ) characteristics for rectangular
modulating signals for a changing values of fm frequency.

(Figure 4) covers frequencies fm up to 155 Hz, and
three local maxima occur for frequencies fm =
8.8, 91.2 and 108.8 Hz. The global maximum does
not depend on the shape of the modulating signal
and occurs at fm = 8.8 Hz. These signify that
there are three maxima with respect to sensing the
obnoxiousness of the flicker for incandescent lamp,
(ii) characteristics Pst = f ( fm ) (Figure 4), (ΔU/U) =
f ( fm , P42 = 1) (Figure 5), and (ΔU/U) = f ( fm , Pst =
1) (Figure 6) show that for the threshold value of
Pst indicator (Pst = 1), the smallest modulation
depth occurs for rectangular signal and the greatest
modulation depth occurs for triangular signal. Ipso
facto, the most obnoxious modulation is the modulation with rectangular signal, followed by the one
with sinusoidal signal, and the least obnoxious is the
modulation with triangular signal,
(iii) with regard to characteristics Pst = f ( fm ) (Figure 4),
(ΔU/U) = f ( fm , P42 = 1) (Figure 5), and (ΔU/U) =
f ( fm , Pst = 1) (Figure 6), one can observe a nonmonotonicity in a fm frequency range of 28–37 Hz,
and hence, this fragment of the characteristics is very
useful during the tests of the performance of real
flickermeters,
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flickermeter bandwidth; limitation of input signal
uIN (t) bandwidth (i.e., decreasing fLPF ) surprisingly
leads to increased value of Pst indicator (Figures 11
and 12),

100
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Δ fFM (Hz)
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(v) taking characteristic Pst = f (Δ fFM ) (Figure 13) as
a reference criterion when evaluating flickermeter
linearity, we can state that the flickermeter signal
chain in the case of FM modulation is, in general,
nonlinear.
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Figure 14: Δ fFM = f ( fm , Pst = 1 = const) characteristic for FM
modulation with sinusoidal and rectangular signals.

(iv) by taking characteristic Pst = f (ΔU/U) (Figure 5)
as a reference criterion when evaluating flickermeter
linearity, we can state that the flickermeter signal
chain is, in general, nonlinear, but for inputs that
correspond to Pst > 0.1 (which means sensing of
flicker), this system is nearly linear,
(v) in a case of AM modulation, the influence of the
input signal uIN (t) bandwidth limitation (Figure 8) is
visible for fLPF < 100 Hz.
(4) For Input Signal with Interharmonic Component
comparative combination of Ui = f ( fi , Pst = 1) and
(ΔU/U) = f ( fm , Pst = 1) characteristics (Figure 9)
makes a good basis to conclude on the diﬀerence
between obnoxiousness of the flicker caused by
amplitude modulation and occurrence of single
interharmonic in a voltage that supplies incandescent
lamp,

6. Conclusion
The results give a comprehensive overview of the signal chain
and supplement the standard specification for the case of AM
modulation of the input signal. The results also complement
the specification for the case of FM modulation of the input
signal and for the input signal with single interharmonic
component. The presented results thoroughly describe the
performance of IEC flickermeter in a full frequency range
that influences the result of Pst indicator measurement (as
opposed to other results given in the literature that describe
the flickermeter only in limited frequency range). The results
of the simulations make it easier to understand the operation
of the IEC flickermeter. They describe the influence of
the input voltage parameters on Pst indicator measurement
result. Furthermore, the reaction of the IEC flickermeter to
diﬀerent types of input signals is also demonstrated. The
analysis of the presented characteristics helps to determine
the requirements with regard to flickermeter signal chain
and suggests the potential source of measurement error. Any
peculiar fragments of the characteristics define the optimal
condition for checking the accuracy of the performance of
the IEC flickermeter and, at the same time, help to shorten
the time of flickermeter testing. It can be presented in the
future.
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