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Abstract -Quality control of electrical energy and timely 
detection of interference and distortion of supply voltage is a 
very important task. This is necessary both to find the source 
of distortion, and to compensate for distortion. In this review, 
we consider the problem of detecting random events: voltage 
swell, interruption, and voltage sag in the power supply 
system. Timely detection of these events will help to 
compensate them, minimizing the damage. Various methods 
of detection are considered. Among them, calculation of the 
rms voltage, calculation of the peak value, calculation in dq-
coordinates. 

 
Index Terms - quality of electrical energy, voltage sags, voltage 
interruptions, voltage swells,root mean square, peak value, 
dq0- coordinates. 

I. INTRODUCTION 

HE PROBLEM OF DETECTING and measuring 
random events with supply system voltage is not new, 

before power electronics has long been the task of finding 
and compensating for distortions. And the task of detecting 
and measuring random events is an integral part of 
compensating distortions. The study of the problems of 
voltage sags and voltage interruptions is an important and 
actual task of the energy sector. These breakers of the 
quality of electrical energy have a significant negative 
impact on electrical systems [1] and industrial electrical 
equipment in them [2], primarily on transformers [3], 
causing them to additional current when voltage is restored, 
and to asynchronous electric motors [4], leading to torque 
peaks, speed disturbances. 

The method described in GOST [5,6] is a measurement of 
the root-mean-square value over the half-period of the 
supply system voltage, and this is a sliding value, measured 
several times in half a period. As a rule, this is sufficient 
for an accurate determination of the beginning and the end 
of an event. However, this may not be sufficient to 
compensate for the voltage. For this, other methods are 
being developed. For example, algorithms that calculate 
peak grid voltage. Such algorithms usually allow detecting 
interference more quickly than the rms value drops to a 
threshold value. The compensators also use the 
transformation to dq-coordinates. 

This review considers various methods of detecting an 
event on the supply system voltage and measuring the 
magnitude of this event. To begin with, it is necessary to 
define the events that we will be dealing with (section 2). 
In the following chapters, various algorithms are 
considered: the measurement of the rms value (section 3), 
the peak value (section 4) and the work in dq-coordinates 
(section 5). The Fourier method is also considered as a 

method of signal analysis and its application (paragraph 6). 
At the end, methods that are not separated into a separate 
chapter are discussed (section 7). 

II. DEFINITIONS 

To random events in GOST are interruptions, sags and 
voltage swells. A voltage interruption is a situation in 
which the voltage at the point of transmission of electrical 
energy is less than 5% of the reference voltage. The 
reference voltage is used as a basis for setting the residual 
voltage, voltage thresholds and other characteristics of the 
sag, voltage interruptions and voltage swell. In accordance 
with the requirements of GOST, the reference voltage is 
considered equal to the rated or agreed voltage of the 
power supply. In three-phase power supply systems, 
voltage situation is interrupted when the voltage is less than 
5% of the reference voltage in all phases. If the voltage is 
less than 5% of the reference voltage not in all phases, the 
situation is treated as a voltagesag. The threshold value of 
the interrupt start is considered equal to 5% of the reference 
voltage. The interruption of voltage is a special case of a 
voltage sag [1]. 

When voltage interruption is detected, it is assumed that: 
- in single-phase power supply systems, the voltage 

interruption begins when the voltage falls below the 
voltage interruption threshold and ends when the voltage 
value is equal to or below the voltage interrupt threshold 
value plus 2%; 

- in three-phase power supply systems, the voltage 
interruption begins when the voltage value in all channels 
drops below the voltage interruption threshold and ends 
when the voltage value is equal to or higher than the 
voltage interrupt threshold value plus 2% in at least one 
channel from where the measurements are made. When 
determining the duration of the voltage interruption in 
three-phase supply system, the beginning of the voltage 
interruption can be fixed in one channel, and the 
termination in the other. The duration of the voltage 
interruption is equal to the time interval between the 
beginning and the end of the voltage interruption [2]. 

A voltage sag is a temporary decrease in the voltage at a 
particular point in the electrical system below a specified 
threshold. Voltage sags usually occur due to malfunctions 
in electrical grid or in electrical installations of consumers, 
as well as when connecting a powerful load. The failure of 
the voltage is usually associated with the occurrence and 
termination of a short circuit or other sudden increase in 
current in the system or electrical installation connected to 
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the electrical grid. In accordance with the requirements of 
this standard, a voltagesag is regarded as an 
electromagnetic interference, the intensity of which is 
determined by both voltage and duration. The duration of 
the voltage sag can be up to 1 min. In three-phase power 
supply systems, the beginning of the voltage sag is taken to 
be the moment when the voltage in at least one of the 
phases falls below the threshold value of the beginning of 
the voltage sag, the moment when the voltage in all phases 
rises above the threshold value of the end of the voltage sag 
is taken as the end of the voltage sag. 

When voltage sags are detected, it is assumed that: 
- in single-phase power supply systems, the voltage sag 

begins when the Urms(1/2) value  falls below the voltage sag 
threshold and ends when the Urms(1/2) value is equal to or 
greater than the voltage sag threshold plus 2%; 

- In three-phase power supply systems, the voltage sag 
starts when a value in one or more channels falls below the 
voltage sag threshold and ends when the value equals or 
exceeds the voltage sag threshold plus 2% in all channels in 
which measurements are made. 

The threshold value of the voltage sag is determined 
taking into account the measurement conditions. 

The failure of the voltage is characterized by the residual 
voltage or the depth of the voltage sag and the duration of 
the sag. As the residual voltage, the smallest value 
measured in any channel during the voltage sag is received. 
The depth of the voltage sag is understood as the difference 
between the reference voltage and the residual voltage, 
expressed as a percentage of the reference voltage. For the 
duration of the voltage sag, the time interval between the 
beginning and the end of the voltage sag is taken. When 
determining the duration of the voltage sag in three-phase 
power supply systems, the beginning of the voltage sag can 
be fixed in one channel and the end in the other. The shape 
of the voltage sags is not necessarily rectangular. As a 
consequence, the measured duration of a particular voltage 
sag depends on the selected voltage sag threshold. The 
shape of the voltage sag can be estimated using several 
thresholds set within the range of the threshold values of 
the sag and the voltage interruption. 

Voltage swell is the temporary increase in voltage at a 
particular point in the electrical system above a specified 
threshold. Voltage swell, as a rule, are caused by switching 
and switching off the load. Voltage swell can occur 
between phase conductors or between phase and protective 
conductors. Depending on the earthing device, short 
ground faults can also lead to voltage swell between the 
phase and neutral conductors. In accordance with the 
requirements of this standard, voltage swell is considered 
as an electromagnetic interference, the intensity of which is 
determined by both voltage and duration. The voltage swell 
threshold is set as a percentage of the value of the input 
voltage or the value of the sliding reference voltage. The 
manufacturer of the SI shall indicate the threshold voltage 
used. 

If anvoltage swell is detected, it is considered that: 

- in single-phase power supply systems, voltage swell 
begins when the voltage value rises above the voltage swell 
threshold and ends when the voltage value is equal to or 
below the voltage swell threshold value minus 2%; 

- in three-phase power supply systems, voltage swell 
occurs when the voltage value in one or more channels 
rises above the voltage swell threshold and ends when the 
voltage value is equal to or below the voltage 
swellthreshold minus 2% in all channels in which 
measurements are made. 

III. ROOT MEAN SQUARE METHOD 

The measurement of voltage sags and voltage swell 
should be carried out on the basis of measurements in 
each channel of rms voltage values, updated for each half-
period, Urms(1/2). The duration of the period should be 
determined by the value of the frequency of the measured 
signal. 

The threshold value of the voltage sag is set as a 
percentage of the value of the input voltage or the value 
of the sliding reference voltage. The manufacturer of the 
SI shall indicate the threshold voltage used. The sliding 
reference voltage is usually not used in low-voltage 
power supply systems. 

During a voltagesag, it may be useful to calculate one-
period rms values, updated more often than each half-
period (as defined in the normative part of this standard). 
For example, it may be useful to update a one-period rms 
value 128 times during a period. This approach allows 
more accurate identification of the beginning and end of 
the voltage sag using only the threshold values. The 
drawbacks of this approach include increasing the amount 
of data and processing, as well as using a smoothing filter 
that can distort the result. 

Measurements of root-mean-square voltage values 
allow to correctly estimate the power in the resistive load. 
However, electronic devices are susceptible not only to 
the rms value of the voltage, but also to the peak value of 
the signal. To evaluate the effect of voltage sag on 
electronic devices, algorithms that are not based on the 
root-mean-square voltage value can be useful. 

The method for detecting overvoltages and voltage dips, 
based on the calculation of the rms value, is given in the 
article [7]. The algorithm is reduced to computation in 
accordance with the equation:         
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A more detailed description is given of the result of 
calculating the rms value of a three-phase greed for 
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various types of interference in the article [8]. An 
algorithm for detecting the type of interference by the 
nature of voltage sags was described. So not in all cases 
the problem was correctly identified by this method. 

IV. PEAK VALUE METHOD 

In the paper [9], an algorithm for calculating and 
estimating voltage sags is proposed. It is argued that, unlike 
the methods for calculating the rms value, the Fourier or 
peak voltage method using the window processing 
technique, this method more quickly detects voltage sags. 
The algorithm evaluates the amplitude, phase and 
frequency. 

Since the rms is an effective sliding, calculated using a 
window with a half-period duration of the system voltage, 
it is possible to delay up to half the period between the 
actual voltage sag and the moment when the rms value 
drops below the threshold value. 

A flowchart of the algorithm is shown in Fig. 1. 
The algorithm works as follows. From the mains voltage 

v, the first harmonic voltage s calculated by the algorithm 
is subtracted: 

       e v s= −                                   (4) 
The resulting error e is multiplied by the sine of the 

current phase of the mains voltage and the coefficient k1. 
The integrated result of the calculation gives the voltage V 
corresponding to the peak voltage: 

         1V k esin dtϕ=                              (5) 
However, this voltage is updated in real time, and not 

from peak to peak. In parallel, the voltage frequency and 
phase are calculated. The frequency is obtained as the 
product of the product of the peak voltage V, the error e, 
the cosine of the current phase, and the coefficient k2. 

      2k eVcos dtω ϕ=                           (6) 
The phase is calculated as this product passed through 

the proportional-integral link. 
  3( )k eVcos dtϕ ϕ ω= +                      (7) 

From the received phase, calculate the sine and cosine. 
The sine, multiplied by the peak voltage V, gives the first 
harmonic of the voltage. 

s Vsinϕ=                                 (8) 
An experiment was performed confirming the operation 

of the algorithm. The graphs of the algorithm are shown in 
Fig. 2. Figure A shows the input voltage of the system with 
anvoltage swell instantaneously appeared and also 
instantaneously asleep. Graph B shows the calculated 
voltage value. graph C - error e, graph D - calculated peak 
voltage V. 

The upper graph represents the incoming voltage v, 
which has a drop in the section under consideration. The 
second graph is the feedback with the calculated first 
harmonic of the voltage s. The third graph is the computed 
error of the algorithm e. This error has bursts only when the 
input voltage drops. These bursts and regulate the value of 

the calculated peak amplitude V. In the future, the error 
converges to zero in the oscillatory process. The bottom 
graph represents the value of the calculated peak amplitude 
V. 

 

 
Fig.1 Block diagram of the algorithm for calculating the peak value 

 
Fig.2 The diagrams of the algorithm for calculating the peak value 

A comparison of the rms value (reduced to the peak 
value) and the peak value calculated by the algorithm is 
shown in Fig. 3. 

For an example of the operation of the algorithm, an 
input voltage with instantaneous level difference was 
considered. The calculation showed that the algorithm is 
ahead of the rms value. This lead is small, but it can be 
critical to compensate for voltage drop. 

A similar method is described in [10]. In this article, this 
algorithm is used in the three-phase system model. 

Another way to calculate the peak value is given in [11]. 
It is based on tracking changes in the value of vd. But it has 
a feature in sudden voltage surges: the method briefly 
shows the increase in the value of the peak voltage. And 
only after that it decreases to a real value. Such jumps 
make it difficult to use the method. There is a need to delay 
the change in the peak value, which slows down the work 
with this method as a whole. 

Another way to calculate the peak value is given in [12]. 
It is based on taking the derivative of the input signal and 
processing it. So from a signal its amplitude is allocated 
according to the formula: 

   ( ) ( )2 2 2 2sin cossum m mV V t V tω ω= +           (9) 
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Fig.3 Comparison of the work of the algorithm for calculating the peak 
value and the rms value with increasing and decreasing voltage of the grid 

V. WORK IN dq0-COORDINATES 

For the analysis of compensators, a method for 
estimating the supply system voltage in dq0-coordinates is 
widely used. Unlike the previous method, the whole 
three-phase system is evaluated here. Variations of this 
method with a different method of specifying an ideal 
voltage are described. In [13], a method for specifying a 
reference three-phase voltage is described. Another paper 
[14] describes a method for specifying directly in dq0-
coordinates. 

The method itself consists in transferring the voltage of 
the three-phase system into dq0-coordinates. The phase-
locked loop determines the phase of the three-phase 
power supply systems. With this phase, the voltage of the 
supply system  and the reference voltage are transferred, 
if available. In new coordinates, real and ideal signals are 
compared. The difference is converted to normal 
coordinates and can be used to compensate for distortion. 
In this case, the instantaneous value is calculated, which 
makes the reaction to the change also instantaneous, as 
shown in Fig. 4. Here the graph A shows the input 
voltage, the graph B represents the ideal signals. Graph C 
is the calculated difference, which must be compensated. 

 
Fig.4 Diagrams of operation of the algorithm with dq-transformation 

There are variants of this circuit for single-phase 
voltage [15]. In this case, the -coordinates converted to 
the dq0-coordinate are used. 

An improved dq-algorithm, described in [16], was also 
developed. This method is based on the formula: 

 d
q

dv
v

wdt
= −                                (10) 

Starting from it, only the transformation to vd 
coordinate was required for the calculation. 

Another version of this method is described in [17]. The 
article describes a transformerless voltage compensator. 
This circuit is controlled by a control system built in dq-
coordinates. 

 The voltage compensator with a control system is 
given in [18]. This control system is based on converting 
the supply voltage and load into dq-coordinates. In these 
coordinates, these voltages are compared with the 
reference signals. The errors obtained are compared with 
each other. Their difference is converted to normal 
coordinates to control the compensation scheme. 

A similar compensator with close to the above control 
systems is described in [19..22]. 

VI. FOURIER ANALYSIS METHOD 

An analytical method for determining the spectral 
components of high voltage multilevel voltage converters 
is presented in [28]. This method uses a double Fourier 
series to analyze the output signal of the converter. The 
harmonic spectrum of the signal of a multilevel converter 
can be represented as: 
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2 m mn n
n
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Hence it can be seen that the signal spectrum can be 
decomposed into a direct current component, the first 
harmonic, the components of the fundamental harmonics, 
and the components of the carrier frequency harmonics. 
The coefficients are given by the double Fourier integral: 

( )

2
1

2
( ) j mx ny

mnmn mn
dxdyjB F t eC A

π π

π ππ
+

− −
= + = (12) 

The results of computing this integral are given in the 
article. 
Thus, the Fourier transform can return information about 
the state of the system. The advantage of this method is that 
it can return the magnitude and phase of each frequency 
component in the mains voltage, which is especially 
important if harmonics are present. In this case, 
information about frequencies other than the main one can 
be ignored or used. Or these frequencies can be filtered by 
other methods. It can be realized with a window fast 
Fourier transform. But the kernel of this transformation is 
in itself a function of averaging. Thus, it may take up to 
one period after the start of the event, before the 
information on the magnitude and phase can be considered 
accurate [29]. 
The values obtained can be used to generate a reference 
signal [30]. 
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The Walsh transformation is used in [31]. With its help, the 
equations from the Fourier region are transformed into 
linear equations. 

VII. OTHER METHODS 

There are other methods for detecting and evaluating 
random events. 

One of them, described in [23], is based on a comparison 
of the instantaneous values with the percentage of the 
reference value and the percentage of the amplitude. This 
method works only in a certain zone of the voltage 
sinusoid. This means that when an event occurs outside this 
zone, there is a delay before the event method is 
determined. 

An outdated method for determining greed voltage 
interruptions is described in the article [24]. It is assumed 
that the measurement of the mean-square value is carried 
out for several periods. Then, when the voltage is 
interrupted, the root-mean-square value changes extremely 
slowly. This method is based on detecting a half-wave of 
the supply voltage. In the absence of a half-wave, the 
algorithm works. The delay in this case can reach half the 
period of the mains voltage. 

There are also combined algorithms. For example, in 
[25], a combination of the calculation of the rms value and 
the measurement of the instantaneous value is considered. 
This algorithm is applied to the voltage compensator. Also, 
the article describes an experiment with a prototype device, 
showing the operability of such an algorithm. 

Some of the methods described above with mathematical 
calculations describing their work contain an article [26]. 

In a separate group, systems operating in the frequency 
domain are distinguished [27]. They work as a rule based 
on the Fourier transform. Such systems can be used in 
voltage compensators. However, such systems react more 
slowly to rapid changes in stresses, so they are not widely 
used. 

VIII. CONCLUSIONS 

In GOST, the rms value is specified as the determining 
root mean square. This means that any algorithm can be 
implemented inside the device. For example, to 
compensate for sags, it is reasonable to use the fastest 
algorithm for determining interference. However, to 
determine the quality of electrical energy in accordance 
with GOST, it is necessary to use the rms value. This is 
simplified by the fact that modern calculation tools allow 
you to calculate the rms value several times in half the 
voltage period of the mains. 

In case of hardware implementation of this or that 
algorithm, for example, on a microcontroller, it is 
necessary to take into account the time of calculation of the 
algorithm in a particular hardware implementation. This is 
due to the fact that a situation is possible in which the 
detection of a random event by calculating the rms value 

will be faster due to the speed of the algorithm itself on the 
microcontroller. 

Estimating voltage in dq0-coordinates is the most 
commonly used method described in a large number of 
articles. It is particularly widely used in compensators. The 
hardware implementation of such an algorithm can be 
complicated by the large number of computations required 
for this method. However, for three-phase systems where 
the root-mean-square value or peak voltage must be 
calculated for each phase separately, the different in the 
calculation volume may not be large. 

Determination of the peak value is reasonable to use in 
cases where exactly this characteristic of the grid voltage 
plays the most important role for consumers. 
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