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Abstract: The paper considers the influence of harmonics on the operating of electrical energy meters
in a network with nonlinear loads. It is shown that electronic static meters of active energy are tested
in the presence of distortions, and electronic static meters of reactive energy accuracy requirements do
not take into account the possible presence of harmonics. It is revealed that the maximum influence on
the error in active energy metering is exerted by the number of harmonics taken into account and their
amplitude, and the error in reactive energy metering is additionally influenced by the phase angle
at the fundamental and harmonic frequencies, which has been confirmed in laboratory conditions.
Additionally, experimental studies of the capacitor bank’s influence on reactive energy metering has
been carried out in the presence of nonlinear electrical loads. It is shown that when capacitor banks
are connected, the error in reactive energy measurement and variation range of the phase shift angle
of harmonics significantly increases. The assessment of the computational error of reactive power
metering according to various equations were carried out based on the field measurements. If the
voltage and current distortion values do not exceed the permissible values, the error can be estimated
at, at most, 5–7%.

Keywords: high harmonics; total harmonic distortion; power quality; electrical energy meters;
capacitor banks; active energy; reactive energy

1. Introduction

Currently, in many industrial enterprises, the main share in the cost of production accrues from
electricity consumption costs [1–3]. This is particularly true for energy-intensive enterprises in the
aluminum industry [4,5]. For instance, electricity consumption by the Bratsk Aluminum Smelter
reaches 75% of the electricity generated at the Bratsk Hydroelectric Power Station, the installed capacity
of which is 4500 MW [6]. When it comes to energy metering, an accurate reading is important since a
fraction of a percent can end up equaling thousands of dollars. An additional problem is the presence
of high harmonics generating both from grid and customer sides [7]. A number of publications note
that the active power of harmonics can reach tens of kilowatts for some consumers [8,9]. In this context,
the issues of electricity metering in the presence of distortions, calculating the parameters of power
consumption, as well as contractual relations between consumers and electricity suppliers, are of the
utmost importance.

Metering devices, whose readings are used when determining electricity consumption, must meet
the legislative requirements for ensuring the uniformity of measurements, as well as the requirements
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of the wholesale and retail electricity markets. The latest European Measuring Instruments Directive
states that the accuracy of metering devices for commercial purposes has to be verified in actual
operating conditions [10]. Technical parameters and metrological characteristics of electronic electricity
meters must meet the requirements of the relevant standards which relate to the static meters for
active and reactive energy in accordance with the accuracy class. Herein, for electronic meters of
active energy, an accuracy check is set in the presence of the fifth harmonic with a voltage amplitude
of 10% and current amplitude of 40% [11,12]. Existing standards for reactive energy meters relate to
their operation at sinusoidal voltages and currents, and the requirements for their accuracy do not
take into account the possible presence of harmonics [13,14]. It should be noted that the previous
Standard IEC 61268:1995 contained this type of test, and currently there are requirements for reactive
energy meters only at the fundamental frequency [14]. Therefore, reactive energy meters, meeting the
requirements of such standards, fail to satisfy their operating conditions in the presence of voltage and
current distortions.

In case of sinusoidal voltage and current, various electronic meters give comparable readings for
active and reactive energy in accordance with their accuracy class. However, due to increased voltage
and current distortion’s levels in electrical networks, these meters are also used for measurements
in the presence of harmonics. Under these conditions, different types of meters can give different
readings. A number of publications on this subject contain the experimental studies of various types of
meters [15,16], in which it is shown that the differences in the readings of the various types of meters
can be significant. In [17], it is noted that consumers on the electrified railway pay less for electricity
than consumers with a linear electrical load. Besides, different traction substations have different
relative power errors because of different load properties.

Earlier publications [18,19] considered the differences in the readings of electromechanical and
electronic meters. It was revealed that in active energy meters of the electromechanical type a flux
weakening causes a large negative relative error in the registration of active harmonic energy. There was
unexpected nonexistent energy when voltage and current harmonics in quadrature were applied to
the meter. The paper [20] considers the error evolution in energy meters under voltage unbalance
conditions in a wide range, from total balance to phase fault. In [21], the estimation of the active
energy metering error of a class B meter was carried out under realistic and quasi-realistic harmonic
disturbances. It was shown that that realistic harmonic disturbances affect significantly only some
energy meters. However, in these works, the parameters of high harmonics were not revealed, which
have the greatest impact on the error in active and reactive energy metering.

In addition, in terms of reactive energy metering, the results of theoretical studies are presented,
which characterize the measurement error when calculating according to the existing power theories of
various scientists [22,23]. Such conclusions are not of practical interest, since many of these theories are
not applicable in practice. In the case of reactive energy metering, it is of interest to study the influence
of reactive power compensation devices on electricity metering. The recently introduced standard [24]
offers a new theory regarding the determination of power components in the presence of harmonics.
However, it is noted that this is just another theory, distinct from the well-established concepts. On the
basis of its application in measuring devices, it is possible to obtain new information that can give
impetus to the development of the power theory for nonsinusoidal currents and voltages.

Thus, the aim of the research is to study the impact of harmonics and compensating devices
on electricity metering using electronic energy meters, as well as to determine the parameters of
harmonics and range of distortions that have the greatest impact on the metering error for active and
reactive power.

This paper is structured in three main parts. In the first part, the influence of harmonic parameters
on the measurement of active and reactive power by electronic electricity meters was studied in detail.
In the second part, the influence of capacitor banks with different levels of reactive power compensation
on the measurement of active and reactive power was studied. In the third part, an assessment of the



Energies 2020, 13, 5536 3 of 13

computational error was carried out when taking into account reactive power measurement under
realistic distorted voltages and currents at an industrial enterprise.

2. Research Methods

2.1. Influence of Harmonic Parameters on Power Measurement by Electronic Electricity Meters

This part of the research deals with determining the impact of the harmonic parameters, such as
amplitude, spectrum, and phase angle, on the metering error for active and reactive power when using
various metering devices. The study was performed using a laboratory bench with a programmable
source of alternating current and voltage (AC Source) in star connection, which is used in the
calibration of metering devices for active, reactive and apparent power and energy, including electricity
meters. The block diagram of electrical connections between the equipment used is shown in Figure 1,
where only one phase connection is indicated.

Figure 1. Test bench.

The equipment used in the laboratory research is presented in Table 1. Two electronic three-phase
power meters (PMs) were tested. The power consumption readings were compared with readings
from a reference power quality analyzer, Resurs UF2M (PQ analyzer).

Table 1. The equipment used in the laboratory bench.

Name of Equipment Type Parameters

PQ analyzer Resurs UF2M a.c. 0.2/0.5 for P/Q, THDU range 0.5–30%
AC source Energoforma 3.3 relative error 2% at ULN1/I1 range 20–220 V/0.05–7 A

PM1 Elster A1800 a.c. 0.5 s/1.0 for P/Q, Un = 230 V, In(max) = 5(10) A
PM2 PM710MG a.c. 1.0/2.0 for P/Q, Un = 230 V, In(max) = 5(6) A

The measurement program is presented in Table 2, where № is an experiment number.
Herein, the harmonic phase voltage (Uh, V) and current amplitudes (Ih, A), phase shift angle (φh),
spectrum of harmonics, as well as the phase shift angle at the fundamental frequency (φ1) were varied.
The amplitudes of harmonics are presented as a percentage of the fundamental one, and the phase
shift angle is presented in degrees. The values, presented as a fraction, are the varied parameters
of harmonics.
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Table 2. The program of experimental study.

№ φ1 U5 I5 φ5 U7 I7 φ7 U11 I11 φ11 U13 I13 φ13

1 40 30 40 −100/17 - - - - - - - - -
2 40 30 40 −100/17 20 25 −100/13 - - - - - -
3 40 30 40 −100/17 20 25 −100/13 21 17 −95/10 - - -
4 40 30 40 −100/17 20 25 −100/13 21 17 −95/10 18 15 −95/10

5 20 40 60 260/−50 - - - - - - - - -
6 20 40 60 260/−50 25 40 260/−60 - - - - - -
7 20 40 60 260/−50 25 40 260/−60 30 25 265/−70 - - -
8 20 40 60 260/−50 25 40 260/−60 30 25 265/−70 25 20 265/−70

9 15/40 15 25 0 - - - - - - - - -
10 15/40 15 25 30 - - - - - - - - -
11 15/40 15 25 60 - - - - - - - - -
12 15/40 15 25 90 - - - - - - - - -
13 15/40 15 25 120 - - - - - - - - -
14 15/40 15 25 150 - - - - - - - - -
15 15/40 15 25 180 - - - - - - - - -

16 15/40 15 15 0 - - - - - - - - -
17 15/40 15 30 0 - - - - - - - - -
18 15/40 15 45 0 - - - - - - - - -
19 15/40 15 60 0 - - - - - - - - -

For experiments with numbers 1–8, the values of the phase shift angle of harmonics were set as
a result of preliminary modeling of the generalized network with linear, nonlinear electrical loads
and reactive power compensation devices. This was carried out in order to identify the parameters
of harmonics that are closest to real-life conditions. The experiments 1–4 correspond to the case of a
connected external/internal nonlinear electrical load without capacitor banks. The experiments 5–8
correspond to the case of a connected external/internal nonlinear electrical load with capacitor banks.

2.2. Influence of Capacitor Banks with Different Levels of Reactive Power Compensation on the Measurement of
Active and Reactive Power

The second part of the research deals with determining the impact of harmonics on the metering
error for active and reactive power in the presence of capacitor banks when using various metering
devices. This kind of research appears to be expedient, since calculation of reactive power flows in the
presence of harmonics still remains a matter of controversy and discussion [15,16,23–25], which will
undoubtedly affect the readings of energy meters. The study was performed using the laboratory
bench shown in Figure 2. The test bench is powered from the grid via a three-phase laboratory
autotransformer (LT) and includes an asynchronous motor (AM) with a control panel (CP) (the load
is a direct currentgenerator), a capacitor bank (CB) with an antiharmonic reactor, an uncontrolled
three-phase rectifier (UR) with a load in the form heat resistance (HR).

Table 3 Various modes of test bench operation were set and readings were taken from the tested
power meters PM3 and PM4. The power consumption readings were compared with readings from a
reference power quality (PQ) analyzer, Resurs UF2M.

The measurement program provides 6 modes of operation with different compositions and
parameters of load (Table 4).
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Figure 2. Test bench for harmonic impact research on the metering error.

Table 3. The equipment used in the laboratory bench.

Equipment Type Parameters

LT Suntek Sn = 20 kVA, Un = 220/380 V, Imax = 80 A
AM AIR 80 A Pn = 1.5 kW, Un = 220/380 V, cosϕ = 0.84
CB CB-134-0.4-3-0.5 Qn = 2.5 kvar, Un = 220/380 V, ftun = 134 Hz
UR Diode Rectifier Pn = 1.0 kW, Un = 220/380 V, Imax = 60 A, m = 6

PM3 A43 412-200 a.c. 1.0/2.0 for P/Q, Un = 3x230/400 V, In(max) = 5(80) A
PM4 230 AR a.c. 1.0/2.0 for P/Q, Un = 3x230/400 V, In(max) = 5(60) A

Table 4. The modes of laboratory installation.

Mode Number AM with DC Generator CB UR with HR Power Factor

Mode 1 + - + 0.42 (+L)
Mode 2 + + + 0.94 (+L)
Mode 3 + + + 0.92 (−C)
Mode 4 + - + 0.74 (+L)
Mode 5 + + + 0.94 (+L)
Mode 6 + + + 0.88 (−C)

Mode 1 corresponds to a connected AM at the idle and an uncontrolled three-phase rectifier. Mode 2
corresponds to mode 1 with connected capacitor banks (power factor of about 0.94, inductive mode).
Mode 3 corresponds to mode 2 with reactive power overcompensation (power factor of about 0.92,
capacitive mode). Modes 4, 5, 6 correspond to modes 1, 2, 3 with a connected load on the asynchronous
motor shaft, respectively. For modes 5 and 6, the power factors are about 0.94 and 0.88, respectively.

2.3. Assessment of the Reactive Power Measurement under Realistic Distorted Voltages and Currents

The third part of the research deals with determining the computational error when taking into
account reactive power measurements under realistic distorted voltages and currents at an industrial
enterprise. The measurements were carried out at the input feeder of the enterprise at the point of
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connection to the low voltage (0.4 kV) distribution panel using a power quality analyzer according to
various realizable equations with the capacitor banks connected and disconnected.

3. Results and Discussion

3.1. Influence of Harmonic Parameters on Power Measurement

Within the framework of the first part of the research, based on the data presented in Table 2,
various current and voltage signals were generated to the PMs. In this case, the parameters of the
harmonic current amplitude, harmonic current phase angle, phase shift angle at the fundamental
frequency, as well as the spectrum composition of harmonics were changed. The programmable source
has three channels for generating voltages and three independent channels for generating currents.
The range of output phase voltages is from 60.12 to 268 V, the range of output currents is from 0.501 to
7.0 A, and the rated values of voltages and currents are 220 V and 5 A, respectively.

The PQ analyzer calculates the readings of active power in accordance with computational models
in the tested devices, namely:

P = P1 + PH, (1)

P1= U1·I1· cosφ1, PH =
∑
∞

h,1
Uh·Ih· cosφh, (2)

where Uh is the rms value of voltage harmonic h, Ih is the rms value of current harmonic h, and φh is
the phase shift angle between voltage and current harmonic h. The readings of reactive power are
calculated as follows:

Q =
√

S2 – P2, S =

√∑
∞

h=1
U2

h·

√∑
∞

h=1
I2
h. (3)

As a result, the dependences of the spectrum, amplitude and phase angle of harmonics on the error
in active and reactive power were obtained. Figure 3 presents the dependences of the relative metering
error δ for active and reactive power on the number of harmonics (N) taken into account. In this case,
the phase shift angle at the fundamental frequency φ1 is 40◦, the amplitudes of harmonic current and
voltage remained constant, the phase shift angle values of harmonics changed, which resulted to a
change in active power of harmonics.

Figure 3. The dependences of the relative metering error for active and reactive power on the number
of harmonics, where P1, Q1, P2, Q2—measured values by PM1 and PM2.

The error in both channels increases with an increase in the number of harmonics is taken into
account. When only the fifth harmonic is taken into account, the error is at most 1%, and when the fifth,
seventh, eleventh, and thirteenth harmonics are taken into account, the error increases. The maximum
value for the tested electrical energy meters for active power is about 6%, and for reactive power, 5%.
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At φ1 = 20◦, this regularity remains unchanged. In this case, the maximum error in active power is
about 7.5%, and in reactive power it reaches 15%.

The next stage of the experiment was to vary the amplitude of harmonic current at different
values of the phase shift angle at the fundamental frequency (Figure 4). In this case, the amplitude of
harmonic voltage and the phase shift angle of harmonics remained unchanged.

Figure 4. The dependences of the relative metering error for active power on the amplitude of the 5th
harmonic current at different values of the phase shift angle at the fundamental frequency.

As follows from the diagram, the metering error for active power increases with an increase in the
amplitude of harmonic current. The same pattern is observed for reactive power. With an increase in
the amplitude of the fifth harmonic current from 15 to 60% and φ1 = 40◦, the metering error for active
power increased from −0.2 to 2%. In this case, the phase shift angle at the fundamental frequency has
no real impact on the readings of active power, and the difference between the readings of PMs can
reach 5%.

The impact of the phase shift angle at the fifth harmonic on the metering error for active and
reactive power was also studied. In this case, the amplitudes of harmonic voltage and current
remained unchanged. Figure 5 presents the dependences of the relative metering error δ for active and
reactive power on the phase shift angle at the fifth harmonic. In this case, the phase shift angle at the
fundamental frequency is 40◦ and 15◦, and the phase shift angle at the fifth harmonic varies from 0◦

to 180◦.
The metering error for active power changes slightly and virtually does not depend on the phase

shift angle both at the fundamental and at high frequencies. The metering error for reactive power
has a more pronounced dependence on the phase shift angle of harmonics. In addition, the metering
error for reactive power increases significantly with a decrease in φ1 from 40◦ to 15◦, which actually
corresponds to different levels of reactive power compensation. In this case, the error increases from 2
to 6% for PM2, which is typical for the phase shift angles at the fifth harmonic ranged from 60◦ to 90◦.
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Figure 5. The dependences of the relative metering error for active and reactive power on the phase
shift angle at the 5th harmonic.

Thus, the greatest impact on the metering error for active power is caused by the number of
harmonics taken into account and their amplitude, and referring to reactive power—by the number
of harmonics taken into account, their amplitude and phase shift angle at the fundamental and high
frequencies. In turn, there is an insignificant dependence of the metering error for active power on the
phase shift angle at the fundamental and high frequencies.

3.2. Influence of Capacitor Banks on Power Measurement

In order to study in greater detail the impact of reactive power compensation degree in the
presence of harmonics on power metering, additional studies were performed at the laboratory bench
(Figure 2), which corresponds to the second part of the research. The measurement program is
presented in Table 4. The error of the measured value was calculated relative to the values measured
by the PQ analyzer. In addition, to estimate the measuring equation, the reactive power values were
calculated according to Equations (1)–(3).

As a result, the data on power consumption parameters were obtained, as presented in Table 5.

Table 5. Power consumption parameters at the test bench.

N
PM3 PM4 PQ Analyser Power

Factor
δQ1, % δQ2, %

P, W Q, var P, W Q, var P, W Q, var

1 728 1554 733 1569 729 1550 0.42 (+L) 0.3 1.2
2 772 183 771 260 773 240 0.94 (+L) −23.8 8.3
3 785 −285 787 −322 787 −340 0.92 (−C) −16.2 −5.3
4 1408 1293 1404 1332 1409 1330 0.74 (+L) −2.8 0.2
5 1420 480 1420 522 1421 500 0.94 (+L) −4.0 4.4
6 1442 −776 1441 −780 1444 −790 0.88 (−C) −1.8 −1.3

As it follows from the table, the error of various PMs for active power is at most 0.5%. The error
for reactive power relative to the PQ analyzer readings reaches 24%, and the difference between the
readings of the two tested PMs reaches 32%. For both meters, an increase in the metering error for
reactive power when connecting capacitor banks is typical, which is due to an increase in current
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total harmonic distortion (THDI), which varied from 15 to 30%. It is apparent that the connection of
capacitor banks without an antiharmonic reactor will result in even greater errors.

Having analyzed mathematical models of PMs for calculating power, it was revealed that electronic
meters appropriately work out the mathematical model for active power in accordance with their
accuracy class and Equations (1) and (2). PM4 and the PQ analyzer, in turn, appropriately work out
the mathematical model in accordance with Equation (3). In addition, calculations of reactive power at
the fundamental frequency were performed, and the correspondence of these values to the readings of
PM3 was revealed, from which the significant errors of the meter can be explained.

From the analysis of the technical documentation for PM3 it was revealed that reactive power is
calculated based on voltage and current signals, provided that one signal is shifted by 90◦:

u(t) =
√

2·U· sin(ωt+φ), i(t) =
√

2·I· sin(ωt), i′(t) =
√

2·I· sin(ωt + π/2), (4)

q(t)= u(t)·i′(t)= U·I· sin(φ)+U·I· sin(2ωt+φ), (5)

where U is the rms value of voltage, I is the rms value of current, and φ is the phase shift angle between
voltage and current. The average value of reactive power Q over the period T is determined as:

Q =
1
T

∫ T

0
q(t)dt = U·I· sin(φ). (6)

In addition, the average value of reactive power is obtained as a result of passing the instantaneous
reactive power signal through a low-pass filter. Since such a phase shift filter has a large attenuation at
high frequencies, the reactive power is primarily intended for calculation at the fundamental frequency;
therefore, the impact of harmonics is neglected when calculating reactive power. Thus, PM3 calculates
reactive power in accordance with the expression:

Q = U1·I1· sinφ1 (7)

It is worth noting that when harmonics are generated from the customer side, the active power of
harmonics have a negative value, and vice versa; when harmonics are generated from the grid side,
the active power of harmonics are summed up with the active power of the fundamental frequency [17].
In case of significant distortions, unfairness in payment for active power and electricity can take
place. A consumer who does not distort the supply voltage pays more for active power, while a
consumer who distorts the voltage pays less. Referring to reactive power, it was revealed that the power
measurement by existing metering devices is possible according to various mathematical equations.
When calculating according to Equation (3), a consumer, who distorts the supply voltage will pay
more for reactive power. When calculating according to Equation (4), the value of reactive power,
which corresponds to the value at the fundamental frequency, is calculated; herein, a part of power
and energy can be neglected. In this case, reactive power characterizes the composition of electrical
load and the phase shift angle between voltage and current at the fundamental frequency.

3.3. Reactive Power Measurement under Realistic Distortions

In order to assess the computational error of reactive power measurements according to
Equations (3) and (7), field measurements of power consumption parameters and power quality
indicators were carried out at the input feeder of an industrial enterprise. It is necessary to carry
out measurements at an industrial facility because the phase shift angles of harmonics (φh) under
such conditions can be very different from the angles in laboratory conditions. The measurements
were carried out over 6 days (from 11 September 2020 to 14 September 2020 with the capacitor banks
connected and from 14 September 2020 to 16 September 2020 with the capacitor banks disconnected),
the maximum consumed active power was 230 kW, and reactive power was 310 kvar. The graph of the
phase shift angle of harmonics for each 10-min time interval (T) is presented in Figure 6.
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Figure 6. The diagram of the phase shift angle at the 5th, 7th, and 11th harmonic (before red
line—capacitor banks are connected; after red line—capacitor banks are disconnected).

It can be seen from the graph that the phase shift angle of harmonics varies within wide limits,
in particular, for the fifth harmonic, the phase shift angle varies from 0◦ to 70◦. When capacitor banks
are connected, the range of angle variation increases. It should be noted that the active power at the
seventh harmonic is negative, which may indicate its occurrence from the grid side [26–28].

The following are field measurement results of THDU and THDI and the computational error of
reactive power measurements according to various Equations (Figure 7), where the indicators with the
“meas” index are measured data, and the indicators with the “calc” index are calculated data based on
the measured ones. The calculated data were determined under the condition of an artificial increase
in the amplitudes of the current and voltage harmonics, while the phase shift angles of harmonics
were taken in accordance with the measured data in Figure 6.

It follows from the graph that for indicators with the “meas” index, the computational error
of reactive power measurements according to various equations practically does not exceed 5%,
while THDU varies from 2 to 3.5% and THDI varies from 14 to 33%. It should be noted that when
capacitor banks are connected, THDI is slightly reduced, which may be a consequence of the total
current compensation at the fundamental frequency, as well as the filtering properties of the capacitors.
For indicators with a “calc” index, computational error of reactive power measurements according to
various equations does not exceed 10% (on average it is about 7%), while THDU varies from 8 to 14%,
THDI varies from 18 to 40%.
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Figure 7. The diagram of the total harmonic distortion—THDU and THDI—and computational error
of reactive power measurements according to various equations.

Thus, within the framework of the studies carried out, it can be concluded that the computational
error of reactive power measurements according to various equations does not exceed 10%,
provided that THDU does not exceed 14%, and THDI does not exceed 40%. These distortion values
exceed the values specified in the power quality standards for low voltage. Therefore, if the voltage
and current distortion values do not exceed the permissible values, then the reactive power calculation
can be carried out at the fundamental frequency without significant computational errors.

As a result of the research performed, it is proposed to keep reactive power metering at the
fundamental frequency, which results in minimization of a large number of factors affecting reactive
power measurement, a decrease in the computational error (due to the use of various equations),
as well as to a reduction in costs for the enhancement of metering devices (due to existing meters with
computational equations for the fundamental frequency).

4. Conclusions

1. It has been revealed that, currently, virtually all enterprises can use electronic electricity meters,
which give comparable readings for active and reactive energy in accordance with their accuracy
class under sinusoidal conditions. Due to an increased distortion level in voltage and current,
these energy meters are also used for measurements in the presence of harmonics. Under such
conditions, the error of energy metering increases, wherein this error for active power depends
on the number of harmonics taken into account and their amplitude, and for reactive power it
depends further on the phase shift angle at the fundamental and high frequencies.

2. In the presence of distortion, different types of meters can give different readings, especially when
measuring reactive power. The studies performed have shown that reactive power can be
measured using various mathematical models. With sinusoidal voltage and current, this approach
will give comparable readings with respect to power consumption; however, in the presence
of harmonics, the readings can vary significantly. On the basis of field measurements, it was
revealed that the variation range of the phase shift angles of harmonics significantly increases
when capacitor banks are connected. It was also found that for the conditions under consideration,
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the computational error of reactive power measurements according to various equations does not
exceed 10%, provided that the THDU does not exceed 14%, and the THDI does not exceed 40%.
If the voltage and current distortion values do not exceed the permissible values, the error can be
estimated at, at most, 5–7%.

Further research opportunities include the determination of phase shift angles of harmonics
under conditions of various current and voltage distortions for a number of industrial enterprises with
different nonlinear loads. On this basis, it is possible to determine a set of distortion ranges in which
other patterns of power measurement will be observed.
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