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Abstract. Voltage fluctuations in the power supply are important characteristic of power quality in general-purpose
power grids. They are caused by disruptions in the operation of power stations, the operation of power equipment
with large cyclically varying loads, faults on power lines, and so on. This results in short-term or periodic voltage
fluctuation, which adversely affects the operation of the power grid and modern electronic and automated
systems, including control, communication and measurement equipment. In particular, they lead to increased
power losses, uneven load distribution among power system components, overheating, a reduction in the service
life of electrical equipment and a decrease in the overall reliability of the power system. The purpose of the article
is to analyze the possibilities of using the discrete Hilbert transform (DHT) to estimate parameters of power supply
voltage flicker, including estimation of flicker modulation depth, frequency, duration, short-term and long-term
flicker indices. For achievement of this goal, a method for estimating the parameters of voltage flicker has been
developed, which consists in using DHT to obtain the envelope of the voltage signal. Application of DHT makes it
possible to accurately determine the points of start and end of voltage flicker, as well as to identify sections of the
signal where flicker occurs. Further analysis is carried out on these sections, including the estimation of the
modulation depth range and the flicker frequency, which are essential parameters for the quantitative estimation
of the power supply voltage flicker. The effectiveness of the proposed method is confirmed by simulation studies,
in which the absolute errors of the estimates of the modulation depth range, flicker frequency and duration did not

exceed 5 mV, 5 mHz and 4 ms, respectively.

Keywords: voltage flicker evaluation; general-purpose power grid; power quality; Hilbert transform.

Introduction

Disturbances in the regular operation of
power generation stations, power-line faults,
and using electrical equipment with non-linear
or cyclically changing load cause deviations
of power quality characteristics the norms set
by standards. Such  power  quality
characteristics include deviations in the
voltage and frequency of the supply voltage
from the rated values, distortion of the supply
voltage waveform, voltage flicker, voltage
dips, overvoltage, etc. The permissible and
limit values for most power quality
characteristics are established by DSTU EN
50160:2023 [1]. Some quality characteristics,
such as power supply voltage flicker, are
defined in accordance with DSTU EN 61000-
4-15:2018, which is the Ukrainian analogue of
IEC 61000-4-15:2010. Deviations of any of
the power quality characteristics from the
permissible values disrupt the functioning of

electrical equipment and may lead to
malfunctions. Such malfunctions cause a
reduction in the service life of electrical

equipment, overloading and overheating, data
loss, malfunctioning of automation, and
flickering of lighting equipment, which can
potentially affect human health.

Power supply voltage flicker is a periodic
short-term fluctuation in the voltage of the
power supply grid, which appears as a
fluctuation in the brightness of lighting
equipment — light flicker. The causes of
flicker are the connection of powerful

Memodu ma npunadu KoHmposio akocmi, 2026, Ne 1(56)

electrical equipment with nonlinear or
cyclically changing load to the power grid,
which occurs when its operation modes
change, power-line faults, disturbances in the
regular operation of power generation
stations, etc. Sources of voltage flicker can
include rolling mills, electric arc furnaces,
electronic thermostats, etc., which are capable
of generating both smooth sinusoidal and step
voltage changes. For example, the use of a
powerful wood [2]. chipper results in a
rectangular wave flicker, which is caused by a
cyclical increase in energy consumption
during wood chopping and decrease to zero
after the end of this process.

The Ukrainian DSTU EN 61000-4-
15:2018 and the European IEC 61000-4-
15:2010 [3] standards for the quality of power
supply voltage flicker establish the short-term
and long-term flicker indices Pg and Py as the
main parameters for assessing voltage flicker.
Their values should not exceed 1. 0 and 0.8,
respectively. The short-term flicker index P
is calculated on the basis of the obtained
values of the flicker modulation depth
obtained at a ten-minute interval using
weighting factors that take into account the
impact of light flicker on human health. The
long-term flicker index Py provides an
estimate of the long-term effect of flicker over
a period of 2 hours.

The flicker of the supply voltage is
closely related to the flicker of lighting
equipment, so the American lighting quality
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Application of the discrete Hilbert transform...

standard IEEE 1789:2015 [4] sets three
parameters as the main parameters of light
flicker: modulation depth, frequency and
flicker index, the permissible values of which
are set taking into account the impact on
human health.

Depending on the frequency, depth and
flicker indices, the impact of light flicker on a
person can lead to negative consequences:
discomfort, eye fatigue and strain, weakness,
reduced visual performance, headaches,
migraines, neurological problems, etc. (Fig. 1).
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Figure 1 — Negative effects of light flicker
on human health [5]

Thus, accurately estimating flicker
parameters, including modulation depth,
frequency and flicker index, is essential for
minimizing adverse effects on human health
and ensuring an acceptable power quality.

The aim of the article is to analyze the
possibility of using the DHT method to assess
the parameters of voltage flicker in general-
purpose power supply grids.

Analysis of methods for estimating
voltage flicker parameters

To evaluate the parameters of voltage
flicker, methods of accurate isolation of the
supply voltage envelope flicker are used,
which makes it possible to analyze the flicker
and identify the moments of occurrence and
termination of both single-frequency and
multi-frequency voltage modulation. To
achieve this goal, various methods are used,
for example, the standard DSTU EN 61000-4-

¢

15:2018 [6] recommends the use of the
quadratic method of detecting the envelope
flicker, which consists in preliminary filtering
of the supply voltage using bandpass filters,
which makes it possible to eliminate the DC
component of the supply voltage and higher
harmonic, quadrature detection, smoothing,
scaling the obtained envelope to the
sensitivity parameters of the human eye,
which makes it possible to calculate the
flicker indices Pg and Py. The disadvantage of
this method is the Ilow accuracy of
determining the parameters of multi-
frequency flicker modulation.

The quality of power supply voltage
flicker analysis depends not only on the
accuracy of detecting the envelope voltage,
but also on the accuracy of estimating the
flicker parameters. To increase the accuracy
of determining the flicker parameters, linear
integral transforms are used: discrete Fourier
transform (DFT), discrete Hilbert transform,
Wavelet transform, and others. The most
widely used is the DFT, for example, the
authors of [7] proposed a method that consists
in calculating the root mean square value of
the voltage, analyzing its frequency spectrum
obtained using the DFT, obtaining
instantaneous  flicker values, conducting
statistical analysis and calculating the flicker
indices Py and Py. The method proposed in
this paper makes it possible to determine the
supply voltage flicker with high accuracy in
the low frequency range, but the error
increases with the increase in the voltage
flicker frequency.

The method for isolating the envelope
voltage, which makes it possible to determine
the parameters of voltage flicker under both
single-frequency and multi-frequency
modulation of the supply voltage flicker, is
given in [8]. The authors propose the use of
the analytical mode decomposition (AMD)
method for detecting the envelope voltage,
which consists in applying the voltage
spectrum correction by means of an advanced
fast Fourier transform (FFT). The AMD
method implements the function of bandpass
filters used in traditional methods, which
makes it possible to simplify the process of
detecting voltage flicker, and provides high
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noise immunity and high accuracy in
estimating the parameters of power supply
voltage flicker.

However, the use of FFT has a significant
drawback — the effect of FFT spectrum
leakage, which is caused by a disagreement
between the sampling rate, analysis time, and
fundamental  voltage  frequency.  The
appearance of this effect causes the energy of
the real spectral components of the signal to
be distributed over a number of adjacent
frequencies, which leads to a decrease in the
accuracy of spectral analysis and requires the
use of additional methods to minimize the
effect of this effect. For example, in [9] it was
proposed to adjust the data acquisition
parameters by varying the sample length. The
criterion for minimizing the spectrum leakage
effect is to obtain the maximum values of the
spectral components of the DFT of the
analyzed voltage. To solve this problem, in
[10] the method of refining the fundamental
harmonic frequency was used, and in [11] the
short-time Fourier transform (STFT).

An example of the use of STFT to detect
and evaluate the parameters of power supply
voltage flicker is given in [12]. The authors
propose the use of a short-term Blackman
window Fourier transform (B-STFT), which
makes it possible to obtain the frequency
spectrum of the analyzed signal, and on this
basis to determine the envelope of the flicker
and calculate the values of the fundamental
frequency and the frequency of flicker
modulations. The proposed method enables
high-precision  estimation  of  voltage
fluctuation, high noise immunity and is
effective for estimating both steady-state and
time-varying fluctuations.

In addition to the DFT, the S-transform is
also used to assess voltage flicker. The
authors of [13] propose a new comprehensive
method for measuring the quality of power
supply voltage based on the use of the S-
transform, which allows to identify 14 types
of power supply voltage disturbances from the
oscillogram of the output signal of the power
grid: voltage dips, interruptions, overvoltage,
voltage flicker, transients, higher harmonics,
etc., which appear in six different
combinations. The effectiveness of the
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method has been confirmed by a wide range
of simulation experiments both in the
presence of noise and in the absence of the
noise component. The obtained results
demonstrate an acceptable accuracy in
identifying power quality disturbances and
estimating their parameters. The method has a
low sensitivity to various noise disturbances.

A certain disadvantage of the above
method is the complexity of calculations and
the high load on information processing
facilities, which limits its practical application
due to the fixed form of its Gaussian window
function. Therefore, the authors of [14]
proposed a method that consists in
maximizing the value of the criteria for
measuring  frequency-time  concentration,
which makes it possible to optimize an
additional parameter of the Gaussian window
function. The effectiveness of the method was
confirmed by the results of experimental
studies, which led to the following
conclusion: the method allows determining
the parameters of voltage flicker with greater
accuracy and simultaneously ensuring high
noise immunity.

The computational complexity of the
above methods leads to a decrease in the
speed of determining the parameters of
voltage flicker. The Teager energy operator
developed in [15] allows reducing the
computational load and quickly extracting the
parameters of the flicker envelope wave, and
the additional use of the Rife-Vincent
windowed spectral correction method based
on the DFT allows correcting computational
artifacts of the obtained flicker envelope
wave. The results of the simulation
experiments show that the proposed technical
solution makes it possible to quickly identify
the moments of inception and recovery of the
supply voltage flicker, to isolate the envelope
flicker, and to calculate the flicker parameters
with high accuracy, which allows the method
to be used for real-time monitoring of flicker.
However, the method is highly sensitive to
noise components and requires additional
filtering methods.

To increase the noise immunity of the
method for determining voltage flicker, a
discrete Hilbert transform [16] can be applied,
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which not only increases the noise immunity
but also provides high accuracy in the
extraction of a constant voltage envelope
wave and flicker parameters, but it has a
pronounced edge effect that manifests itself in
the event of a sudden change in the supply
voltage over time. To improve the results of
measuring voltage flicker, the authors of [17,
18] proposed the use of the Hilbert-Huang
transform, which is a complex application of
the DFT and the empirical mode
decomposition (EMD) method, which allows
processing nonlinear nonstationary signals
and achieving high accuracy of analysis in
both time and frequency domains. The
method consists of decomposing the supply
voltage into internal modal functions (IMFs).
The application of DFT to IMFs makes it
possible to determine the amplitude and
frequency of harmonics, as well as voltage
flicker indicators. However, the use of EMD
can lead to mode mixing, which makes it
difficult to decompose the components of the
flicker envelope wave. To eliminate this
drawback, a method is proposed in [19] that
consists in the integrated application of the
DFT and the  Variational Mode
Decomposition (VMD) method, the optimal
modal number of which is determined by
observing the central frequencies of the mode
components and the orthogonality index of
the mode components. The application of
VMD makes it possible to decompose the
envelope flicker of the supply voltage into a
number of amplitude and frequency
modulation  functions. The  subsequent
application of the DFT to them makes it
possible to obtain the instantaneous
amplitude, fundamental frequency, and flicker
frequency. The proposed method makes it
possible to determine nine types of power
quality disturbances, overcome the problem of
mode mixing, provides high noise immunity,
and improves the performance of determining
power quality characteristics compared to the
Hilbert-Huang transform.

The conducted analysis of literature
sources made it possible to identify a set of
methods for assessing the voltage flicker of
the power supply, which should be improved
in order to improve the results of isolating the

(-

voltage flicker and determining its
parameters:  flicker  frequency, flicker
modulation depth, as well as short-term and
long-term flicker indices Pg and Py. Among
these methods, special attention should be
paid to an in-depth study of the capabilities of
DHT, which allows monitoring the power
quality in real time.

Methodological support for the process
of determining the parameters of the
supply voltage flicker

The general representation of the output
voltage of the power grid with flicker is

u(t)=] H
( ) +ZUh COS(ZTEhfht_(Ph) *
h=2

X(1+ M (Sin(anﬂikert—@ﬂiker))‘ ' (t)) 1)
teTy > fhikers

(1) = LteThie < Ta
0, t& Thier,

where Uy, is the rated supply voltage, Uy is the
higher harmonic voltage, M is the flicker
modulation depth, f;, f, and faier are the rated
supply frequency, higher harmonic frequency
(h is the harmonic number) and flicker
frequency, respectively, fn > f1, ¢1, Qfiiker, @n
are the initial phases of the fundamental
frequency of the supply voltage, higher
harmonics and voltage flicker @1, ®fiiker, On €
[0, 2m), H is the number of the maximum
observed higher harmonic, T, is the analysis
time, Triker IS the flicker duration, I(t) is the
indicator function of the presence of voltage
flicker.

The voltage model (1) can be represented
as a general model of a narrowband signal

u(t)=U(t)cos@(t), teT, (3)
where U(t) and @(t) are the envelope and
phase of the supply voltage, respectively.

The application of an analogue-to-digital
conversion to the supply voltage (3) makes it
possible to obtain its discrete version ulj],
and the application of the DFT [20] to this
sequence makes it possible to obtain the
Hilbert image of this sequence [ j]. On this

)
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basis, the envelope voltage of the power
supply U[ j] is calculated, which is defined as

ULj]= L]+ 0], j =13, 3 =[T,/T,]".(4)

where J is the sample size, Ty is the sampling
period, and [-]* - is the operation of selecting
the whole part of the number.

The analysis of the envelope voltage of
the power supply UJ[ j] makes it possible to
determine the point of inception of voltage
flicker (POI) and the point of recovery (POR)
of the power supply voltage, for which it is
advisable to determine the second derivative
of the envelope voltage. The discrete
representation of the second derivative is

" Ulj+1[-2U|j|+U|j-1
upj =2l T[J] [i-1
d

The POl and POR moments are
determined by the time sequence t[j] and

correspond to the indices of two adjacent
peaks in the sequence U'[j] and allow to

decompose the envelope voltage U[j] into
separate sections of the supply voltage U;[j]

(i is the number of the envelope section),
which contain different values of the
frequency and modulation depth of the supply
voltage flicker. The flicker duration is
calculated as

Thier =tror —trors Thiker €Ta-  (6)

For each i-th section of the supply
envelope voltage, the constant voltage
component is eliminated and the zero-crossing
method is applied, which makes it possible to
distinguish each period of the analyzed supply
envelope voltage. For each period of the
supply envelope voltage, its maximum Umax
and minimum Uy, values are determined, and
the modulation depth range of the supply
voltage flicker d; is calculated using the

formula: _ o
di[j]:U maxi[J]U_U mmi[]]1 IE[l,N], (7)

where N is the number of envelope voltage
sections with supply voltage flicker.

To take into account the effect of flicker
of lighting equipment on the human eye
caused by voltage flicker, the scaling of the
modulation depth of the supply voltage d;[]]

is applied according to the flicker frequency
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fhiker. The scaling of the modulation depth is
achieved by amplifying it for the frequency
range from 8.8 Hz to 10 Hz and reducing it
for other frequencies

ds[J1= 9(fiiker) - dil i1, (8)
where g( faiker) IS the weighting coefficient for

the effect of light flicker on the human eye
(see Table 1).

Table 1 —Definition of a function g( fsiker)

Flicker Weighting coefficient
frequency for the influence of

fiiker, HZ light flicker g( friker)

0.1 0.05

0.5 0.1

1.0 0.3

2.0 0.7

5.0 0.9

8.8 1.0

10.0 1.0

15.0 0.8

20.0 0.5

25.0 0.3

30.0 0.2

35.0 0.1

The estimation of the flicker frequency of
the supply voltage is carried out by repeatedly
applying the DHT to each i-th section of the
envelope U;[j], which is determined at each
i-th time interval T;, which makes it possible
to calculate its Hilbert image U[j], phase
estimation and flicker frequency using the
formulas [21].

aifj)=arch ' e KOLLULD, O
I e

e on (Jo=i1)Tq Ty

Ty
where K(*) is the phase unwrapping operator
outside the interval [-n/2, 7/2).

When performing simulation experiments
and knowing the set values of fiker and Tiker
the absolute error in estimating the frequency,
duration of flicker and the error in estimating
the magnitude of the modulation depth d;[j]

of the supply voltage flicker are determined
by:

D
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8¢ =T fliker — Thiker: (11)
OT fliker =T fliker —T fier (12)

Ji
3 =JiZdi[j]—2|v|, je[1J],ie[LN], (13)
ij=1
where N is the number of envelope voltage
sections distorted by voltage flicker, J; is the
sample size of each section of the flicker
voltage Ui [j ]

The assessment of voltage flicker quality
according to the IEC 61000-4-15:2010 power
supply quality standard involves determining
the short-term flicker index Pg and long-term
flicker Py, which are calculated in four stages.

1. Dividing the modulation depth range
sequence d[j] on a logarithmic scale into at
least 10 classes and then calculating its
probability density function (PDF). To
calculate the PDF, it is necessary to determine
the number of samples of the sequence d,[ j]
that are in each class and divide by the total
number of samples.

2. Calculate the cumulative probability
function (CPF), which consists in sequentially
adding the PDF probability values from the
largest class to the smallest.

3. Py is calculated based on the values of
the flicker level Py determined for the
cumulative probability k%. The value of the
short-term flicker index P is calculated as

Pi= \/0.0314P0_1 +Bs +Ps +Bos + Ros » (14)

where
Rs =0.0525(Ry; + B+ P,5) /3,

Py =0.0657(P,, + P;+P,) /3,
Pos =0.28(F; + Pg + Pyg + Pig + B7) /5, (15)
Pyos =0.08(P3y + Pgg + Pyg) / 3.

4. Py is calculated using 12 samples of Py

b _ i/ (Pst,® + Pst,® +...+ Pst;,”)
It 12 )

(16)

Results of a simulation experiment to
estimate the parameters of power supply
voltage flicker

To estimate the flicker parameters of the
supply voltage corresponding to model (1), as
well as to estimate the limits of correct use of

(-

DHT, at which the values of the flicker
parameters do not exceed the permissible
limits. The rated supply voltage is U, = 230 V,
the rated supply frequency is f, = f; = 50 Hz.
To simplify the calculation, the number of
higher harmonics H = 0. Six sections of the
supply voltage are distorted by voltage flicker,
the flicker frequency of which is: fqiers = 5 Hz,
frikerz = 8 Hz, frikers = 10 Hz, foiera = 15 Hz,
frikers = 20 Hz, and fhikers = 25 Hz, and the

flicker modulation depth is: M;=1%,
M,=2%, M;=10%, M, =4%, M;=8%
and Mg =5%.

The moments of appearance of tpo and
the end of the flicker tpor Of the supply
voltage are as follows:

troir = 2S, tpor1 = tpoiz = 9.48 s,

tror2 = tpoiz = 22.96 s,

tpors = tpois = 29.44 s,

tpora = tpois = 38.04 s,

trors = tpois = 45.52 S and trors = 58 s.

The supply voltage is subjected to
analogue-to-digital ~ conversion  with a
sampling rate of fy = 6.4 kHz (128 samples
per period), which corresponds to a sampling
period of Ty = 156.25 s, total analysis time
T, =60 s, initial phases @1, Qfiiker, ¢h = 0.

The following power quality
characteristics are subject to definition and
assessment:

o Flicker frequency;

¢ Flicker modulation depth;

o Flicker duration;

e Short-term and
indices Pg and Py;.

To be investigated:

e Possibilities of using DHT to evaluate
the flicker indices of general-purpose power
grid voltage.

The computer simulation experiment for
estimating the parameters of power supply
voltage flicker was carried out as follows. The
formation of the power supply voltage u(t) (1)
is carried out on the basis of the initial data —
M fiker, f1, Ta. The application of an analogue-
to-digital conversion with a sampling rate fq to
the voltage u(t) makes it possible to obtain the
sequence u[ j] to which the DPH is applied
and the envelope voltage U[ j] is determined

long-term  flicker

Memodu ma npunadu KoHmposo akocmi, 2026, Ne 1(56)
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(4). Applying formula (5) to the sequence
U[j] makes it possible to calculate the
moments of POl and POR of the voltage
flicker and divide the sequence U[j] into 6
sections with different values of the frequency
and modulation depth of the supply voltage
flicker.

The results of identifying the POI and
POR moments, based on the input data, are
shown in Fig. 2:

troi= 1.998 s,

tpory = tporz = 9.479s,

tporz = tpois = 22.959 s,
tpors = tporsa = 29.438's,
tpora = tpois = 38.04's,
EPORS = Epom =45522s

and EPORGZ 57.998 s.

Memodu ma npunadu KOHmMpono akocmi, 2026, Ne 1(56)

Respectively, the duration of each i-th
flicker area is equal:

T flikers = 7.481'S, T fliker2 = 13.48 s,
T flikers = 6.479 S, T flikers = 8.602 s,

T flikers = 7.482 s and T flikers = 12.476 s.
The absolute error in determining the
duration of the supply voltage flicker 8T ;e

is calculated by formula (12) and does not
exceed 4 ms by absolute value.

The next step is to eliminate the DC
component of the envelope voltage U[ j] and
apply the zero-crossing method to it, which
makes it possible to select 6 separate sections
of this sequence. For each section, the
maximum and minimum voltage are
determined, and the flicker modulation depth

range d;[ j] is calculated according to (7).

The result of determining the flicker
modulation depth range is shown in Fig. 3.
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Figure 4 — Calculation of flicker frequency ?ﬂikﬂ,] by phase @[]

The absolute errors in estimating the
range of the supply voltage flicker modulation
depth for each of the six sections are calcu-
lated using equation (13) and are 6d; = 1 mV,
5d2 =2 mV, 5(13 = -5 mV, 5d4 =0.1 mV,
dds =3 mV and 6dg = -2 mV respectively.

The absolute error in determining the
range of the flicker modulation depth for all
sections does not exceed +£5 mV.

The estimation of the flicker frequency of
the supply voltage is carried out according to
formulas (9, 10) and consists in applying the
DHT to each i-th section of the envelope
voltage Uj[ j], obtaining estimates of the phase

response CDi[j], and calculating the flicker

frequency f g (i = 1:6). To improve the

accuracy of frequency estimation, it is
recommended to select the middle section of
the phase response.

An example of calculating the flicker
frequency of the first section of the envelope
voltage Uq[ j] is shown in Fig. 4.

The flicker frequency f g;, is calculated

for the values of j; = 25600 and j,= 47872, the
respectively values of the phase response
®1[j;] and @1[j,] is 61.250 rad and

170.575 rad, therefore
170.575-61.250

f ikers = -
flikerl o (47872 _ 25600) .0.156-1072
_109325 ¢ 608 1z

21.830

-

Analogously, the flicker frequency is
calculated for other sections of the envelope
voltage Ua¢[ ] ]:

f fliker 2 = 7995 HZ, f fli ker 3 = 9997 HZ,
f gikera = 14.996 Hz, f i\ o6 =20.002 Hz

and f ;05 = 24.997 Hz.

The absolute errors in the estimation of
the flicker frequency are calculated using
equation (11) and are equal to

Sikert = -8-107 HZ, 8 giyerp =5°107 Hz,
S iikers = 3107 HZ, 8 iyerq = 410° Hz,
6fliker5 = 2'10-3 HZ and 8f|iker6 = 3'10-3 HZ

The modulation depth range d;[j] is
scaled using (8) to reproduce the effect of
lighting equipment flicker caused by voltage
flicker on the human eye, the weighting
coefficient are calculated according to Table 1.

The scaling result d[j], obtained with
the  weighting  coefficient:  g(5) =0.9,
g(8) = 1.0 g(10) = 1.0, g(15) = 0.8, g(20) = 0.5,
g(25) = 0.3 is shown in Fig. 5.

The first step in determining the short-
term voltage flicker index Py is to calculate
the probability density function (PDF) [6],
which consists in dividing d[j] into 10
classes and determining the ratio of the
number of samples included in each class to
the total amount.

The result of determining the probability
density function for d[ ] is shown in Fig. 6.
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Based on the probability density function,
it is necessary to calculate the cumulative
probability function (CPF), which is achieved
by summing the probabilities of each previous
class starting from the last one. The result of
determining the CPF is shown in Fig. 7.
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To calculate the short-term flicker index,
we use the probability values Py obtained from
the cumulative probability function (14, 15)

Ros =(0.097+0.092+0.08) /5 =0.054,

Pos = (0.07+0.04+0.025) /3= 0.045,
Pyt =4/0.28R,gs +0.08Py,g =0.137.

D
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The calculation of the long-term flicker
index Py was carried out according to formula
16, for its calculation it is assumed that 12
samples of Py have the same value, therefore

3
P = JW ~0.137.

Thus, the proposed method for estimating
the parameters of power supply voltage
flicker makes it possible to identify the flicker
parameters with high accuracy. In the
simulation experiment, the moments of
inception of voltage flicker and the moment of
recovery form of the power supply voltage
were determined with an absolute error of no
more than 4 ms, the estimation of the
modulation depth and frequency of the flicker
voltage were determined with absolute errors
of no more than =5 mV and +£5 mHz,
respectively, and the flicker indices Py and Py
with a relative error of no more than 5%.

Conclusions

1. Power supply voltage flicker is a
change in the amplitude value of the voltage
over time, caused by disturbances in power
generation conditions, imbalances between
generation and consumption capacity, as well
as the use of devices with nonlinear or
cyclically varying loads by consumers.
Voltage  flicker  requires  continuous
monitoring and control, as it not only affects
the operation of light-sensitive devices and
equipment, but can also have a negative
impact on human health.

2. A method for determining the
parameters of power supply voltage flicker
has been developed, which consists in using a
DHT to obtain the envelope voltage of the
power supply, identify the moments of the
beginning and end of voltage flicker, dividing
the envelope voltage into voltage sections
with existing flicker and estimating for each
of them the value of the flicker modulation
depth range, flicker frequency and flicker
duration. The correctness of the study results
was confirmed by simulation experiments, in
which the absolute error of the supply voltage
flicker depth 8,4 did not exceed +5 mV, the

flicker frequency &y — +5 mHz, and the
flicker duration 8Ty, — +4 ms. The relative

error of estimating the short-term and long-
term flicker Py and Py calculated in
accordance with IEC 61000-4-15 did not
exceed +5 %.

3. Further research will be aimed at
estimating the parameters of voltage flicker in
the presence of higher harmonics in the
spectrum of supply voltage, estimating the
parameters of voltage flicker under multi-
frequency modulation of flicker, and
determining the limits of correct application
of DHT in this task.

Acknowledgements
None.

Conflict of Interest
None.

References

1. State Scientific and Technical Center for Nuclear and Radiation Safety. (2023). DSTU EN
50160:2023. Characteristics of power supply voltage in general-purpose electrical grids (EN

50160:2022, IDT).

2. Smart, B. H. P. (2005). Power quality a guide to voltage fluctuation and light flicker. BC

Hydro.

3. International Electrotechnical Commission. (2010). IEC 61000-4-15: Electromagnetic
compatibility (EMC) — Testing and measurement techniques — Flickermeter — Functional and

design specifications.

4. IEEE. (2015). IEEE recommended practices for modulating current in high-brightness

LEDs for mitigating health

risks to viewers

https://doi.org/10.1109/IEEESTD.2015.7118618

(IEEE Std 1789-2015). 1-80.

5. Shpak, S., Kyslytsia, S., Kozhushko, G., Sakhno, T., & Bagirov, S. (2020). Flickering
light and stroboscopic effect from LED lamps and light fixtures. Control, Navigation and

Communication Systems,
Ukrainian)

€=

2(60),

135-143. https://doi.org/10.26906/SUNZ.2020.2.135 (in

Memodu ma npunadu KoHmposo akocmi, 2026, Ne 1(56)


https://www.google.com/search?q=https://doi.org/10.1109/IEEESTD.2015.7118618
https://www.google.com/search?q=https://doi.org/10.26906/SUNZ.2020.2.135

Kovtun et al.

6. State Scientific and Technical Center for Nuclear and Radiation Safety. (2018). DSTU EN
61000-4-15:2018. Electromagnetic compatibility (EMC). Testing and measurement techniques.
Flickermeter. Functional and design specifications (EN 61000-4-15:2010, IDT).

7. Sansheng, S., Liming, G., Lei, M., Zhuoya, C., & Yuxiao, Z. (2012). Research on flicker
measurement  algorithm based on FFT. Energy Procedia, 14(16), 1709-1716.
https://doi.org/10.1016/j.eqypro.2011.12.1156

8. Xia, R., Gao, Y., Li, C.,, Wu, C., & Wang, C. (2020). A simplified and fast method
without considering filter for voltage flicker detection. IET Generation, Transmission &
Distribution, 14(16), 3260-3268. https://doi.org/10.1049/iet-gtd.2020.0131

9. Fainzilberg, L. S., & Glushauskene, G. A. (2009). Narrow-band rejection filter for
suppression of harmonic concentrated interference on the basis of discrete Fourier transform.
Journal of Automation and Information Sciences, 41(8), 55-70.
https://doi.org/10.1615/JAutomatinfScien.v41.i8.60

10. Kovtun, S., Kuts, Y., Malko, V., & Scherbak, L. (2024). Control of electricity quality
parameters of general-purpose electrical grids using the phase method. System Research in
Energy, 2a(78), 28-30. https://doi.org/10.15407/srenerqy2024.02a (in Ukrainian)

11. Li, L., Cai, H., Han, H., Jiang, Q., & Ji, H. (2020). Adaptive short-time Fourier
transform and synchrosqueezing transform for non-stationary signal separation. Signal
Processing, 166, Article 107231. https://doi.org/10.1016/j.sigpro.2019.07.024

12. Liang, Y., Ma, X., Zhao, F., & Hao, S. (2019). A high accuracy detection method of
voltage flicker signal based on time-frequency transform. In 2019 9th International Conference
on Power and Energy Systems (ICPES) (pp. 1-5). IEEE.
https://doi.org/10.1109/ICPES47639.2019.9105368

13. Enshaee A., & Enshaee P. (2018). A new S-transform-based method for identification of
power quality disturbances. Arabian Journal for Science and Engineeringexport, 43, 2817-2832.
https://doi.org/10.1007/s13369-017-2895-2

14. Huang, Y.-H., Xu, J.-J., Shi, H., & Zhang, Y.-S. (2014). Effective voltage flicker
detection approach based on a new modified S-transform algorithm. In The 26th Chinese Control
and Decision Conference (2014 CCDC) (pp. 4747-4752). IEEE.
https://doi.org/10.1109/CCDC.2014.6853022

15. Gao, Y., Li, F., Chen, J., Yao, W., Huang, C., & Teng, Z. (2014). Voltage flicker
measurement using the Teager-Kaiser energy operator based on Rife-Vincent window spectral
correction. Transactions of China Electrotechnical Society, 29(6), 248-256.

16. Chen, G., & Wang, Z. (2012). A signal decomposition theorem with Hilbert transform
and its application to narrowband time series with closely spaced frequency components.
Mechanical Systems and Signal Processing, 28, 258-279.
https://doi.org/10.1016/j.ymssp.2011.02.002

17. Onal, Y., Ece, D. G., & Gerek, O. N. (2015). Hilbert-Huang transform based approach
for measurement of voltage flicker magnitude and frequency. Electric Power Components and
Systems, 43(2), 167-176. https://doi.org/10.1080/15325008.2014.978054

18. Xu, X., Li, Z., Ma, R, Li, H., & Zhang, F. (2017). Voltage flicker detecting based on
improved HHT. The Open Electrical & Electronic Engineering Journal, 11(1), 38-47.
https://doi.org/10.2174/1874129001711010038

19. Xu, Y., Gao, Y., Li, Z., & Lu, M. (2020). Detection and classification of power quality
disturbances in distribution networks based on VMD and DFA. CSEE Journal of Power and
Energy Systems, 6(1), 122-130. https://doi.org/10.17775/CSEEJPES.2018.01340

20. Kovtun, S., Kuts, Y., Malko, V., Fryz, M., Scherbak, L., & Kuts, V. (2024). Application
of Hilbert transform for power quality indicators monitoring in general purpose grids. System
Research in Energy, 2(77), 71-83. https://doi.org/10.15407/srenergy2024.02.071

21. Babak, V., Zaporozhets, A., Kulyk, M., Kuts, Y., & Scherbak, L. (2023). Application of
discrete Hilbert transform to estimate the characteristics of cyclic signals: information provision.
In A. Zaporozhets (Ed.), Systems, decision and control in energy 1V. Studies in systems, decision
and control (Vol. 454, pp. 93-115). Springer. https://doi.org/10.1007/978-3-031-22464-5 5

Memodu ma npunadu KoHmposio akocmi, 2026, Ne 1(56) 53


https://www.google.com/search?q=https://doi.org/10.1016/j.egypro.2011.12.1156
https://www.google.com/search?q=https://doi.org/10.1049/iet-gtd.2020.0131
https://www.google.com/search?q=https://doi.org/10.1615/JAutomatInfScien.v41.i8.60
https://www.google.com/search?q=https://doi.org/10.15407/srenergy2024.02a
https://doi.org/10.1016/j.sigpro.2019.07.024
https://www.google.com/search?q=https://doi.org/10.1109/ICPES47639.2019.9105368
https://www.google.com/search?q=https://doi.org/10.1007/s13369-017-2895-2
https://www.google.com/search?q=https://doi.org/10.1109/CCDC.2014.6853022
https://www.google.com/search?q=https://doi.org/10.1016/j.ymssp.2011.02.002
https://www.google.com/search?q=https://doi.org/10.1080/15325008.2014.978054
https://www.google.com/search?q=https://doi.org/10.2174/1874129001711010038
https://www.google.com/search?q=https://doi.org/10.17775/CSEEJPES.2018.01340
https://www.google.com/search?q=https://doi.org/10.15407/srenergy2024.02.071
https://www.google.com/search?q=https://doi.org/10.1007/978-3-031-22464-5_5

Application of the discrete Hilbert transform...

3ACTOCYBAHHA AUCKPETHOIO NEPETBOPEHHA MNJ/IbBEPTA
ONnAa oulHLOBAHHA MEPEXTIHHA HAMPYTU ENEKTPOMNOCTAYAHHA

KoeTtyH C. I.

[OKTOP TEXHIYHMX HAYK, CTAPLUMIA AOCNIAHUK
IHCTUTYT 3aranbHOi eHepreTuk HAH YKpaiHu
03150, Byn. AHTOHOBMYA, 172, Kuis, YKpaiHa
https://orcid.org/0000-0002-6596-3460
e-mail: kovtunsi@nas.gov.ua

Kyy HO. B.

[OKTOp TeXHIYHMX HAyK, Npodecop

IHCTUTYT 3aranbHOi eHepreTMk HAH YKpaiHu

03150, Byn. AHTOHOBMYa, 172, Knis, YKpaiHa

HauioHanbHWIM TEXHIYHUI YHiIBEpCUTET YKpaiHM «KUIBCbKMIA NONITEXHIYHWUIM IHCTUTYT iMeHi lropa
CikopcbKoro»

03056, bepecteiicbkuii npocn., 37, Kuis, Ykpaina

https://orcid.org/0000-0002-8493-9474

e-mail: y.kuts@ukr.net

Manbko B. MN.*

AcnipaHT

IHCTUTYT 3aranbHOi eHepreTMkM HAH YKpaiHu
03150, syn. AHTOHOBWMYa, 172, Knis, YKpaiHa
https://orcid.org/0000-0003-2879-7915
e-mail: vovamalko0O3@gmail.com

Kyy, B. 1O.

Loktop dinocodii

IHCTUTYT 3aranbHOl eHepreTukn HAH YKpaiHu
03150, syn. AHTOHOBWMYa, 172, Knis, YKpaiHa
https://orcid.org/0000-0002-1939-0032
e-mail: vladimir.kuts@live.com

AHoTauifa. MepexTiHHA Hanpyru enekTPOMOCTaYaHHA € BaXK/MBOHK XapPaKTEPUCTUKOK AKOCTI eNeKTpoeHeprii B
eNeKTpOMepeKax 3arajbHOi MpU3HauyeHOCTi. X nosBa 3ymoBneHe MOPYLIEHHAMU B POBOTI eneKkTPoCTaHLii,
eKCn/yaTauieto eHepreTMyHoro 061agHaHHA 3 BEIMKMM LMKNIYHO 3MIHHUM HaBaHTaXKeHHAM, aBapiAMM Ha AiHiax
enekTponepeaayi Towo. BHacnigoK LbOro BMHWMKAOTb KOPOTKOYACHi abo nepioguuyHi KOAMBAHHA Hanpyru, wo
HEraTMBHO BM/IMBalOTb Ha QYHKLiOHYBAHHA €/1eKTPOMEpPEKi, Cy4aCHUX eNEKTPOHHUX i aBTOMATU30BaHUX CUCTEM,
BKNIIOYAOUN 33C0OM KepyBaHHA, 3B’A3KY Ta BMMIpIOBA/IbHOI TEXHIKW. 30Kpema, BOHW MPU3BOAATL A0 3POCTaHHA
BTPaT e/IeKTpoeHeprii, HEPiBHOMIPHOrO PO3MOAi/y HaBaHTAXKEHHA MiX eNemMeHTaMu eHeprocucTteMu, neperpisy,
CKOPOYEHHA TePMiHY CNyK6M enekTpoobnafHaHHA Ta 3HMMKEHHA 3aranbHoOi HafilMHOCTI eHeprocuctemun. MeToto
CTaTTi € aHANi3 MOXKNMBOCTEN 3aCTOCYBAHHA AUCKPETHOro nepetsopeHHA MinbbepTa (AN ANA OLiHIOBAHHA AEAKNUX
napameTpiB MepexTiHHA Hanpyrn eneKkTPonocTayaHHA, 30Kpema [AUOUMHU MoaynAuii MepexTiHHA, 4acToTu
MEPEXTIHHA, TPMBANOCTI, @ TAKOXK KOPOTKOCTPOKOBUX i ALOBrOCTPOKOBUX iHAEKCIB MepPeXTiHHA. A [OCATHEHHA Ujiel
MeTU pPo3pobneHO MeToh OUiHIOBAHHA MapaMeTpiB MepexTiHHA Hanpyru enekTpomepexi, LWo MoAArae vy
3actocyBaHHi AMNI gnAa oTpMmaHHA 06BiAHOT curHany Hanpyru. 3actocyBaHHAa AMNI gae 3mory TOYHO BM3HAYUTMU
MOMEHTM MOYaTKy Ta 3aKiHYEHHA MepPEexTiHHA Hanpyru, a TaKoX BUABUTU AINAHKW cUrHany, Ae BinbysaeTbcA
MEpPEexXTiHHA Hanpyrn. Ha KOXHiM 3 umMx AiNSHOK NpPOBOAMTLCA OLHIOBAHHA Aiana3oHy rMbuMHWM moaynsauii Ta
YaCTOTU MepexTiHHA, AKi € BaX/MBMMM NapameTpamu A4 Ki/IbKiCHOrO OUiHIOBAaHHA MepPexTiHHA Hanpyru
eneKkTponoctadaHHA. EQeKTUBHICTb 3anponoOHOBAHOrO MeToAy NiATBEPAXKEHA MOAENbHUMWU [OCNIAKEHHAMMU, B
AKUX abCONIOTHI NOXMOKM OLiIHIOBAHHA pPO3Maxy FMOWMHM MoAyANAuii, YacTOTU Ta TPWUBANOCTI MeEPEexTiHHA He
nepesuwysanm 5 mB, 5 ml'y, Ta 4 mc BignosigHo.

KniouyoBi cnoBa: OLiHIOBAaHHA MepPEeXTiHHA Hanpyru; efeKTPOMepeXKa 3arajibHOi MPU3HAYEHOCTi; AKiCTb
enekTpoeHeprii; nepetBopeHHs lNnbbepTa.
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