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Abstract – This paper describes practical implementation of the 
algorithm for evaluation of supply voltage unbalance according to 
IEC 61000-4-30 Standard for Electromagnetic compatibility and 
Power quality measurement methods. The algorithm was written 
in Python programming language and evaluated on real voltage 
signals. The results are presented and some issues are highlighted 
for future research.
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I. INTRODUCTION

Power quality (PQ) is becoming increasingly important 
problem in electrical power systems. The deviation of 
supplying voltage from the ideal sine wave in many areas is 
now evident more than ever. This is most obvious in the areas 
with extensive usage of electronic devices. These devices 
generate higher order harmonics which impact negatively the 
supplying power grid, thus generating additional power and 
energy losses [1].

There is a total number of twelve power quality parameters 
defined in the IEC 61000 Standard for Electromagnetic 
compatibility, part 4-30 which considers Power quality 
measurement methods that should be addressed, measured and 
evaluated [2]. The standard defines measurement methods as 
well as measurement uncertainty and measurement range for 
each individual parameter, except for measurement of flickers, 
harmonics and interharmonics, which are described in separate 
standards. Two classes of measurement equipment are 
recognized, class A and class S and the main difference 
between them is the accuracy class A is more accurate than 
class S.

This paper addresses the problem of real-time measurement
of supplying voltage unbalance. Voltage unbalance can occur 
for different reasons. For example, it can be caused by 
unbalanced load or by the supplying grid itself [3]. As a result,
huge losses in electrical drives can be observed [4]. Unlike 
some other power quality parameters such as voltage dips and 
swells, small unbalance usually doesn’t produce immediate 
negative effects, but rather has long term consequences [5].

For the measurement of unbalance, a data acquisition 
platform has been developed and used in conjunction with fast 
ARM processor for the necessary calculations. Unbalance 
measurement algorithm was entirely written in Python 
programming language. The goal is to achieve real time 
evaluation of voltage unbalance and to present the results of 
practical implementation of the methods proposed in standard
IEC 61000-4-3.

II. PARAMETER DESCRIPTION AND CALCULATION 
METHODS

Supply voltage unbalance is a state of voltage waveforms in 
a three-phase system which deviates from the ideal model. The 
ideal model is characterized by three pure sine wave voltages 
with the rated magnitude and frequency whose phasors are 
angularly displaced from each other by 120 degrees. Therefore, 
voltage unbalance can either be influenced by different 
magnitudes of the voltages or by phase shifts that deviate from 
those of ideal model.

There are different methods for calculation of voltage 
unbalance [6]. According to IEC 1000-3-x series standards, the 
unbalance is calculated using the method of symmetrical 
components. This method is well known in electrical 
engineering and it is based on fact that every unbalanced 
(asymmetrical) three-phase system can be mathematically 
represented by the superposition of three balanced three-phase 
systems. These three systems are called the direct sequence
system, the inverse sequence system and the zero sequence
system, and have the same frequency as the original system. 
Assuming that phase A is the referent voltage phase, phase B 
lags by 120 degrees and phase C by 240 degrees relative to 
phase A in direct sequence system, while in the inverse system
phases B and C lead by the same angles. In zero sequence
system, there is no phase shift among voltage waveforms. Each 
phase phasor is a vector sum of corresponding direct, inverse 
and zero component.

The IEC standards define that the voltage unbalance is 
evaluated by the so-called Voltage Unbalance Factor (VUF). 
This factor represents ratio of the magnitudes of inverse 
sequence and direct sequence fundamental components of 
voltage, expressed in percent,
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In Eq. 1, Ui is the magnitude of inverse sequence component 
of fundamental voltage, Ud is the magnitude of direct sequence
component of fundamental voltage, and u2 is the alias for VUF
which is used in IEC 61000-4-30 Standard. In standards 
defining the maximum allowed voltage unbalance in
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transmission and distribution grid, these limits are given as 
maximum values of VUF.

On the other hand, ANSI and IEEE standards present the 
methods for voltage unbalance calculation that do not take into 
account the irregular phase shifts. They observe only the 
changes in magnitudes. Thus, the IEC method defined in IEC 
61000-4-30 Standard is used in this paper for the calculation of 
voltage unbalance.

III. ALGORITHM DESCRIPTION

IEC 61000-4-30 Standard defines that the sliding 10 cycles 
window is used for unbalance calculation in 50 Hz systems. 
This means that unbalance VUF factor, Eq. 1, is calculated 
approximately every 200 ms. There are no requirements for the 
synchronization of this window with zero cross points of any 
of the phases, like for example in the case of voltage dips, 
swells and interruption detection. The accuracy class A of the 
standard states that measurement uncertainty for unbalance 
VUF factor value is equal to 0.15 %.

The detection method described above implicitly requires 
two things: fundamental magnitude calculation and
fundamental cycle duration calculation. The fundamental 
magnitude calculation refers to calculation of magnitude of the 
fundamental component of voltage wave, i.e. component on the 
fundamental frequency in spectrum. This is necessary because 
voltage can also contain higher order harmonics which need to 
be minimized before the calculations. There are two ways to 
minimize higher order harmonics, as recommended by 
standard: the filtration using low pass filter or the Discreet 
Fourier Transform (DFT). The modification of the latter kind 
is applied in this paper. Namely, the corresponding algorithm 
uses the Python’s built-in Fast Fourier Transform (FFT), which 
is a faster, optimized version of the DFT [7]. As required by the 
standard, the FFT is executed over each 10 cycles window.

Fundamental cycle duration is expressed as a number of 
samples N in one full cycle. This number can be calculated from 
the frequency of signal, f, and the sampling frequency, fs:

sfN round
f
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There are number of frequency estimation methods, some of 
those are explained in detail in [8–11], but for the application 
presented in this paper, a simple zero-crossing detection 
method is used. This method uses the linear regression over the 
samples around the first and the last zero cross of a signal. 
Samples involved in the linear regression are the ones with 
values between the fixed upper and lower threshold. This way, 
a variable number of samples is used for each linear regression, 
because the signal always contains some noise. This noise can 
cause multiple zero crosses and non-equal number of positive 
and negative samples. Here, linear regression behaves as some 
type of a filter, because it constructs the straight line which 
minimizes the sum of squared distances from all samples 
involved in regression,
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In Eq. 3, Ûi is the projection of sample Ui on the regression 
line, M is number of samples involved in linear regression, a is 
the line slope coefficient, b is line intercept coefficient, and ti is 
the time point at which the sample was taken.

The approach is fairly simple and computationally effective, 
but can give errors when applied to highly distorted signals. In 
these cases, IEC 61000-4-30 Standard recommends filtration of 
a signal before the estimation of its frequency. However, 
primary goal of this paper is developing and evaluation of 
practical algorithm for voltage unbalance measurement, and for 
simplicity, that will be done on fairly clean, sine waveform 
signals. This assumption is not always fulfilled in practice, but 
processing of highly distorted signal requires better frequency 
measurement, and will be the subject of authors’ future work.
Nevertheless, the algorithm is not influenced significantly by 
harmonic distortion, since the calculations are performed on 
fundamental components of signals which are extracted from 
FFT. 

IV. EXPERIMENTAL RESULTS

For experimental purposes, a data acquisition and processing 
platform has been developed. The platform contains 16-bit 
Analog to Digital (A/D) converter with the 25.6 kHz sampling 
frequency for data acquisition and ARM Cortex-A8 AM335X 
microprocessor for digital processing of the gathered data. 
Platform is capable of sampling and processing of all three 
voltage channels simultaneously.

The algorithm itself was entirely written in Python 
programming language. Python was chosen because it is simple 
and open source programming language, yet very powerful
when it comes to scientific computing. Python runs on Linux 
operating system which is embedded in the platform. The 
algorithm was developed to comply with class A measurement 
instrumentation. Sets of sampled data from each voltage 
channel are received in the packages of 25600 samples, which 
means they are sampled for one second before they are 
processed. This implies that the algorithm has to process the 
whole previous set of samples in time period shorter than one 
second, i.e. before the new samples are received. Therefore, the 
algorithm has to be highly optimized.

For test voltage generation, Omicron CMC 356 test set was 
used [12]. This test set is primarily designed for relay protection 
testing, but it can also serve well other purposes, such as the
one described in this paper.

Many test cases have been created and examined, but only a
part of the results is shown due to lack of space. Five 
characteristic cases are depicted in Figs. 1 to 5. The overview
of the results is given in Table I, while the processing times for 
one-second data buffers are presented in Table II. Besides 
voltage unbalance measurements, signal frequency is estimated 
and FFT calculations are conducted each second. FFT is 
performed over 10 cycle time interval and fundamental phasor 
is extracted. All three phases’ phasors are then used in Eq. 4 to 
derive symmetrical components for that time period.
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In Eq. 4, Ud, Ui and U0 are the phase A direct, inverse and 
zero sequence components, respectively, UAN, UBN, UCN, are 
phase-to-neutral voltage magnitudes for phase A, B and C, 
respectively, and 2 /3ja e . Besides VUF, a similar zero-
sequence factor is also requested by standard IEC 61000-4-30:
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TABLE I
PARAMETERS OF TEST CASES

Test case 
index 1 2 3 4 5

UA-fund
[V]

230
0°

230
0

230
0

230
0

230
0

UB-fund
[V]

230
-120°

92
-120°

230
-120°

230
-120°

92
-90°

UC-fund
[V]

230
120°

230
120°

92
120°

230
90°

92
90°

Ud
real

[V]
230

0°
184

0°
184

0°
223
-9.9°

129.766
0°

Ui
real

[V]
0
0°

46
-60°

46
60°

39.6842
135°

23.552
0°

U0
real

[V]
0
0°

46
60°

46
-60°

39.6842
15°

76.682
0°

Ud
estimated
[V]

229.985
0.01°

183.976
-0.01°

183.9899
-0.01°

223.0314
-9.88°

129.776
-0.01°

Ui
estimated
[V]

0.057
-111.3°

45.949
-60.06°

46.0208
60.06°

39.6804
135.1°

23.5613
0.04°

U0
estimated
[V]

0.019
35.83°

46.0004
60.02°

45.9845
-60.05°

39.6592
15.01°

76.668
-0.04°

u2-real
[%] 0 25 25 17.7913 18.1496

u0-real
[%] 0 25 25 17.7913 59.0925

u2-estimated
[%] 0.025 24.9756 25.0127 17.7914 18.1554

u0-estimated
[%] 0.0083 25.0034 24.9930 17.7819 59.0774

u2
estimation 
error [%]

0.025 0.0244 0.0127 0.0001 0.0058

u0
estimation 
error [%]

0.0083 0.0035 0.0070 0.0094 0.0152

Fig. 1. Test case 1 a) phasors and b) symmetrical components

Fig. 2. Test case 2 a) phasors and b) symmetrical components

Fig. 3. Test case 3 a) phasors and b) symmetrical components

Fig. 4. Test case 4 a) phasors and b) symmetrical components

Fig. 5. Test case 5 a) phasors and b) symmetrical components

Each figure shows all three phases’ phasors on the left side 
and measured symmetrical components on the right side. The 
values indexed as real in Table I are directly read from 
Omicron test software and these are the correct parameters of 
actually produced signals. Values for u2-estimated and u0-estimated are 
150 cycles aggregated values whose calculation is mandatory 
for class A equipment. Note that presented cases are the most 
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extreme ones (some of them are also considered voltage dips),
but it is known that the algorithms are most efficiently tested in 
extreme conditions.

Last two rows in Table I are the most important. They present
absolute values of measurement errors for u2 (VUF) and u0. It 
is obvious that none of these values is greater than 0.15 %, 
which is class A uncertainty limit as described in applied 
standard. Similar values are obtained from other test cases, 
which are not presented here. Further, Table II shows that the 
average calculation time is shorter than one second, which is 
time available for processing of one buffer of data. This proves 
that the algorithm is well designed and capable of real-time 
class A voltage unbalance measurement.

TABLE II
PROCESSING TIMES FOR DIFFERENT TEST CASES

Test case index Average processing time 
for one buffer of data [s]

1 0.8211
2 0.8205
3 0.8194
4 0.8254
5 0.8257

Total average time 0.8224

V. CONCLUSIONS

In this paper the software algorithm for measurement of 
supply voltage unbalance is presented. The goals of algorithm 
are to achieve real time measurement performance of this 
abnormal state in power systems, and to evaluate practically 
obtained results applying the method described in standard IEC 
61000-4-30. For practical purposes, new data acquisition 
platform is developed and tested. Five test cases are examined 
and experimental results are presented. It can be concluded that 
the proposed algorithm is capable of real-time voltage 
unbalance measurements with very high precision which 
complies with class A instrumentation. In this paper clean 
sinusoidal voltages are examined, whereas further results will
be obtained taking into account the presence of higher order 
harmonics. The research in this field and the improvement of 
developed algorithm will be the subject of authors’ future 
papers.
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