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Summary: Recent power networks provide electrical
nergy to consumers of different characteristics. The way
the power is supplied and the behaviour of the consumers
generate various complex phenomena in power networks.
From the electrical energy consumers’ point of view, these
phenomena cause changes of electrical energy quality pa-
rameters. These changes are felt as worsening electrical
energy quality. The electrical energy quality assessment is
connected with measuring quality indices and, further, with
comparing the indices obtained with limiting values speci-
fied in standardising documents. Indices definitions are
based on physical phenomena connected with electrical en-
ergy transmission and with the influence exerted by the
perturbed electrical energy on the consumers. The electri-
cal energy quality assessment requires therefore using such
instruments that measure the indices according to the
adopted definitions and with inaccuracy as small as pos-
sible. Most electrical energy measurement definitions are
implemented approximately. The approximation results from
the adopted definitions, their descriptions and the method
the measurement is implemented.

The definitions of electrical energy indices and descrip-
tions of their measurement implementations allow to con-
struct measuring instruments based on different technolo-
gies of which digital measurement system are most widely
used recently. The design of such measurement systems
requires digital algorithms to be applied to measure signals
specified in definition descriptions as analog operations. To
make measuring instrument indications reliable, verifica-
tion procedures are used. They shall reflect real working
conditions of the measuring instrument. This is one of the
essential reasons of substantial differences between the mea-
surement results of the reliable measuring instruments.
Recent measurement methods based on fast signal process-
ing by means of signal processors and programmable struc-
tures will be better base for developing the definitions of the
measured quantities, i.e. indices. Newly developed digital
measuring instruments should take into account the real
properties of power network and conditions of measurement.
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Streszczenie: Wspolczesne sieci energetyczne dostarczaja

energig elektryczna do odbiornikow o réinych wlasciwo-
Sciach. Sposéb dostarczania energii i zachowanie si¢ od-
biornikéw prowadzi do powstawania réznych zlezonych zja-
wisk w sieciach energetycznych. Zjawiska te z punktu wi-
dzenia odbiorcow energii elektrycznej prowadzg do zmian
jej parametréw. Zmiany parametréw energii elektrycznej
sa odczuwane jako pogorszenie jej jakosci. Ocena jako$ci
energii elektrycznej jest zwigzana z pomiarem wskazni-
kow jakosci i dalej poréwnaniem otrzymanych wynikow z
warto$ciami granicznymi podawanymi przez dokumenty
normatywne. Wskazniki te sg definiowane w oparciu o zja-
wiska fizyczne zwigzane z przesylaniem energii elektrycz-
nej i zjawiska zwigzane z oddzialywaniem zaburzonej ener-
gii elektrycznej na odbiorcéw. Ocena jako$ci energii elek-
trycznej wymaga wigc stosowania przyrzadéw pomiarowych
realizujgcych pomiar wskaznikéw zgodnie z przyjetymi de-
finicjami i mozliwie mata niedokladnoscia. Wigkszo$é defi-
nicji pomiarowych wskaznikéw jakosci energii elektrycz-
nej jest realizowana w sposob przyblizony. Przyblizenie to
jest skutkiem przyjetych definicji, ich opisu i zastosowane-
80 sposobu realizacji pomiaru.
Definicje wskaznikow jako$ci energii elektrycznej i opisy
realizacjiich pomiaréw umozliwiaja konstruowanie przy-
rzadéw pomiarowych w oparciu o rézne techniki, przy czym
nalezy zauwazy¢, e realizacja pomiaru w oparciu o cyfrowe
systemy pomiarowe aktualnie jest najszerzej stosowangy.
Konstrukcje takich systeméw pomiarowych wymagaja sto-
sowania cyfrowych algorytméw wykonywania operacji na
sygnalach pomiarowych, czesto podawanych w opisach defi-
nicyjnych jako operacje analogowe. W celu uwiarygodnie-
nia wskazan przyrzadéw pomiarowych stosowane sa proce-
dury sprawdzajace. Powinny one odzwierciedlaé rzeczywi-
ste warunki pracy przyrzadu pomiarowego. Jest to jeden z
podstawowych powodéw sprawiajacych, ze wyniki pomiaréw
pomigdzy uwiarygodnionymi przyrzadami pomiarowymi
mog3 si¢ znacznie réznié. Wspolczesne techniki pomiaro-
we oparte na szybkim przetwarzaniu sygnaléw za pomoca
procesorow sygnalowych i struktur programowalnych beda
lepsza podstawg dla opracowania definicji wielko$ci mie-
rzonych —wskaznikéw. Nowo opracowywane cyfrowe przy-
rzady pomiarowe powinny uwzglednia¢ rzeczywiste wlasci-
wosci sieci energetycznej i warunki pomiarow.

measurement power quality indexes, accuracy and limitation of measurements
pomiar wskaznikéw jakosci, doktadnos¢ i ograniczenia pomiarow
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1. INTRODUCTION

Power systems are essential elements and important con-
dition of functioning of our civilisation. As the purest carrier,
electrical energy is in common use by various consumers
under different conditions. Electrical energy is supplied to
non-turbulent, turbulent, linear, nonlinear, low and high po-
wer loads. In spite of this, all energy consumers require the
parameters and quality indices to be kept at specified levels.
The definition of electrical energy quality covers broad spec-
trum of notions, from physical quantities to legal matters.
The electrical energy quality is rather widely understood
through specifying a set of indices which should not change
more than is laid down in the relevant standards. For quanti-
ties defined as current and voltage signals, a notion of elec-
trical energy indices measurement is introduced. The RMS
(root mean square) voltage may serve as the example: accor-
ding to the valid standards, the RMS voltage in the low-
voltage network is 230 V and may undergo changes within
an interval specified by the relevant legal document. Becau-
se of obvious connections between the electrical energy
suppliers and consumers, the electrical energy quality indi-
ces are the quantities set out in legal documents and stan-
dards. Also specified are the allowable ranges of these indi-
ces changes. To assess electrical energy quality, it is neces-
sary that these indices are measured, recorded and analysed.

2. ELECTRICAL ENERGY QUALITY INDEX:
DEFINITIONS AND DESCRIPTIONS

The values of measurable quantities with indirect and com-
plex definitions (such as the electrical energy quality index) can
be determined by indirect measurements only. The quantities
that are directly measurable are defined with the use of laws of
physics and are described in SI units. When defining measura-
ble quantities the relevant laws are employed concerning this
theoretical discipline where the defined quantity occurs. Electri-
cal engineering is such relevant discipline for electric quantities.

Mathematical relationships are the most commonly met
forms used for description of the quantities that may be me-
asured and their origin comes from theoretical description of
phenomena occurring in electric circuits. A description of
signal processing to obtain a value of the measured quantity
is used primarily where the measured quantity is of diagno-
stic character or serves the purpose of quantitative asses-
sment of a highly complicated phenomenon. Such an appro-
ach prevails in descriptions of standards. Successive steps
of a described procedure are formulated as mathematical re-
lationships or are related to the quantities previously defi-
ned by mathematical relationships.

To define measured quantities practically all mathematical
operations from the area of function analysis are used. As
they must be practically implemented in measurement sys-
tems, it always should be expected that certain relevant er-
rors occur. Regarding to the electric signals application and
research area, the following mathematical operations can be
distinguished for defining complex measured quantities:

— simple operations: summation, subtraction, multiplication,
division,

— nonlinear operations: power, logarithmic, exponential ope-
rations,

— analytical expressions: differentiation, integration,

— non-analytical expressions: discontinuities, delta distri-
bution.

Definitions of complex quantities are in general expressed
by a few various mathematical operations. Measurement im-
plementation of basic definitions of electrical quantities me-
asured directly is difficult or even impossible. The reason is
that it is impossible to met infinitely large or infinitesimal
values for both observation time and the quantities. This can
be seen for the definition of the current unit according to SI
or definitions of active power or RMS value. A value resul-
ting from the measurement of the quantity whose signals met
the definition assumptions only approximately cannot be ade-
quate to the phenomena relevant to the measurement. The
electrical energy manuals omit interpretation of the results
such a way obtained. The variations of a quantity simplified
when measurement is implemented influences the measure-
ment result in such a way that it is impossible to decide whe-
ther it is the measured quantity that changed or the above
mentioned limitations influenced the result. The problems of
interpreting such measurements are discussed in [8, 9].

The definitions of electrical energy quality parameters
have been formulated since it was observed that the nonline-
ar and turbulent load generate problems to power network
operation. Recent possibilities of construction of measure-
ment systems based on the digital processing of a signal
allowed to define several quantities describing electrical ener-
gy quality [1, 6, 7]. The following parameters can be included
into the group of parameters most frequently cited and infor-
ming on the electrical energy quality:

— power-line frequency, rated voltage frequency, specified
for networks operated synchronously with electric power
system, or without synchronisation (i.c. autonomically),

— RMS supply voltage value, defined for observation pe-
riod ranging from " of the basic period to 10 minutes,

— fast voltage changes, individual changes during a 24-
hour period that do not exceed the relevant allowable va-
lues,

— severity of flickering (a term related to voltage fluctu-
ations),

— voltage drops, defined as short-time voltage decreases

— short breaks in supply, the duration of such breaks can be
compared with multiples of basic periods

— long breaks in supply, lasting longer than e.g. 3 minutes;
an allowable number of such breaks per year is specified,

— short-time overvoltages,

— temporary overvoltages between the live line and earth,

— supply voltage asymmetry, important for multiphase ne-
tworks,

— harmonic voltages, certain values of selected harmonics
of the network voltage and the THD coefficient are speci-
fied,

— interharmonic voltages.

The definitions of the given quantities—electrical energy
quality indices—are expressed as mathematical formulas and
measurement methods. The list of the quantities has not been
yet closed; new definitions of complex measurable quanti-
ties or modifications to the existing ones can be expected.
This conclusion can be drawn from the discussions carried
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out in the related literature or at the electrical energy quality
conferences. The papers [12, 13, 14, 16, 17] show that the
direction of the research now is connected with changing
power network operation and new solutions used for con-
structing the new measurement systems.

The analyses of the definitions given suggests selecting
of a basic group of quantities which can be used as a base for
defining other quantities. The basic group of quantities inc-
ludes:

— basic power-line frequency, specified as the base frequ-
ency of voltage signal, 50 Hz in Europe
— RMS voltage value,

(M

This definition applies to periodic signals,

— light flickering perception indices, Pgp and Py 7, speci-
fying the discomfort of a user of light sources supplied by
the power network voltage,

— harmonics contents,

— specific powers and energies as the quantities influen-
cing the electrical energy quality indices.

3.APPLIED MEASUREMENT METHODS

The recent state of knowledge on measurements and low-
frequency disturbances in the power network voltages inc-
ludes:

— analysis of influence of “turbulent” loads on the network
where network properties are taken into consideration;
the problems of disturbance propagation in networks are
of the special interest,

— determination of the properties of measured signals, i.e.
characteristic forms of time runs, their variation intervals
as well as the properties of their frequency spectra,

— adaptation of algorithms used for analysis of stationary
and nonstationary signals to the results of measured si-
gnal disturbances occurring in power networks,

— definitions of electrical energy quality index measures and
their relevant measuring methods.

The tools presented in the published standard documents
and scientific papers can be grouped according to various
criteria. The author considers methods connected with Fo-
urier frequency analysis the leading elements of every crite-
rion.

Nonstationarity of signal voltages and currents is often
connected with the occurrence of pulse (transitional) distur-
bances. Such signals are often analysed by wavelet transfor-
mation.

Another interesting approach is shown in papers on ap-
plication of non-Fourier analysis to the power network si-
gnals. These methods are high-resolution methods and are
often applied if a short record of noised sine signal is availa-
ble. In [17] these methods are called parametric methods.

The parametric methods were applied in the system for
measuring power network voltage basic frequency. The main
reason of their application is the measurement time, conside-
rably shorter when compared with the period counting ba-
sed methods. For an inaccuracy below 1%, the measurement
time is more that ten times shorter.

Measurement implementation methods approximate the
way the quantities defined by the mathematical formula or
description are determined. The applied approximations and
their influence on the measurement result depend on the me-
asurement impiementation. The known measurement imple-
mentation methods can be divide into the following groups:
— analog implementations,

— digital implementations,
— mixed implementations.

An analog implementation of a signal processing method
means that the processing uses physical phenomena for
which such intermediate quantities and processing method
exist that enable signals and signal processing to be descri-
bed with continuous functions in time domain. Examples of
such processing include scale change with a voltage divider,
voltage amplifying by a amplifier with logarithmic characteri-
stic.

In the case of a digital implementation, both processing
method applied and the intermediate quantities are discrete.
Most often, the quantities of digital-discrete character both
in output values (resolution of analog-to-digital converters)
and in arguments (sampling in time or distance domain) are
used. A series of samples produced by reading out indica-
tions of digital voltmeter at selected time instants serves an
example.

Mixed implementations employ both mentioned above
methods and the order the block implementing given method
occurs depends on the implemented definition of a complex
quantities and the constructor of an instrument implemen-
ting the measurement. A measurement system where input
signals are filtered with analog filters, converted into digital
form and further processed in digital form is an example. The
results are available in both analog and digital form. An inte-
resting implementation is using systems with switchable ca-
pacitances whose dynamic properties are similar to those of
digital systems while discretization does not occur here.

The necessity for using approximations in measurement
implementations for quantities according to their definitions
results from carrying out the following operations:

— arithmetic operations on signals and measurement para-
meters,

— scale change,

— signal summation, subtraction,

— signal multiplication, division,

— calculation of functional relationships and functionals,

— signal integration, differentiation

— determination of nonlinear function values,

— diving or limiting functionals into time segments,

and

— limited observation time of input signals,

— limited resolution of signal observation value and time

(sampling).

Arithmetic operations carried out for signal values and
measurement parameters in analog systems are approxima-
ted with nonlinear blocks, as ¢.g. logarithmic systems, or
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linear blocks as instrumentation amplifiers. In digital sys-
tems, the implementation of the above operations is based
on approximating functions and functionals by operations
on time series. Representation of numbers used during cal-
culations is an additional limiting element resulting in result
truncation or rounding.

The analog solutions approximate definitional operation
of integration with constraints. Of the most importance are
here finite values of the amplification and input and output
resistances. Also, the drifts of these values and drifts zero of
occur. This list is longer and the discussion on the problems
connected with construction of such systems and methods
for correcting operating parameters can be found in informa-
tion materials of designers and manufacturers of recent inte-
grated circuits.

The operation of integration in digital systems is realised
by summation with use of composite quadrature formulas.
The requirement that integration operation must be carried
out in real time, i.e. during sampling the input signal, consi-
derably limits the choice of the quadrature and its operating
time. Replacing integration by summation is the most com-
mon solution. An example of implementation of RMS value
and active power measurements, where such a solution is
applied is discussed in the further parts of the paper. Time
differentiation is the next operation used on measurement
signals. It is obvious that the differentiation methods pre-
sented (like integration methods) approximate differentia-
tion operation. More complex structures with better proper-
ties are also available, but all the time the limitations connec-
ted with the approximation of differentiation and the class of
signals for which a given solutions exists.

Digital methods compete here effectively with the analog
methods. Two groups of methods can be defined that may be
applied in real-time systems. The first one is based on an
expansion i.e. on approximation of definition formula, the se-
cond one is based on the properties of digital filters with
finite pulse response. A lot of papers exists on the both gro-
ups. From point of view of real-time measurement systems,
data processing methods with equidistant arguments are very
interesting. This results from the utilisation of constant fre-
quencies of sampling observed signals. For several measu-
rement data sufficiently differentiable, method based on dif-
ferential tables are most often used:

d_’u=1(

1 2,1 43
A-=A*+2A —)
dt" (A 3 )

2

Assuming: t, =t, +k-At k=0,1,2... and using inter-
polation formulas, useful relationships may be derived for
differentiating measurement data in real time. A typical 3-
point relationship is:

1 1
u', = 5A—t(_3u‘2 +du_y —uy )+& 3)

where is an error estimate.

The indexes at signal samples u;, denote respectively: 0 —
current time moment, 1.¢. the sample taken lately, -1 —before
last sample, —2 —the sample taken as the first to determine
the derivative u_,. This means that the value of the determi-

ne derivative corresponds to the —2 time moment. Also, se-
veral relationships exist based on the other relationships or
other sample number required to determine the derivative.
Commercial information on the measurement systems recen-
tly available on the market and the relevant papers on signal
processing suggest that the methods of differentiating with
the finite pulse response digital filters are the most popular.

The coefficients of a filter that implements the differentia-
tion operation can be selected so that the filtration of a selec-
ted fragment of the differentiated signal spectrum be possi-
ble. The methods for the determination of the coefficients are
described in several papers and available as ready-to-use
software or procedures. These methods are based on the
best possible approximation carried out according to a pre-
fixed amplitude and phase criterion of the designed filter so
that it can implemented the differentiation operation with a
known error.

Basic statistical operations are the next specific group of
operations. They include comparing operations used for
making histograms, cumulated probability functions or thre-
shold detectors. Except for the last ones, these operations
are implemented in digital way only.

Apart from the discussed operation of integration and
differentiation, also nonlinear operations and basic arithme-
tic operations are used: scale change (multiplication by a
constant), signal multiplication, division (indeterminacy of
division operation should be taken into account), summa-
tion and subtraction of signals.

Based on the mentioned implementation methods, com-
plex operations are created that describe definitions of such
complex quantities as: spectrum analysis (Fourier transfor-
mation, wavelet transformation), convolution, nonlinear in-
tegration operators (Hamerstein, Wiener operators), statisti-
cal operations. Also, the measurements are implemented that
use optimisation methods, especially for estimating parame-
ters of complex models of phenomena and objects.

4. ACCURACY LIMITATIONS OF THE ELECTRICAL
ENERGY QUALITY INDEX MEASUREMENTS

The parameter values determined by the measurement and
used for the electrical energy quality assessment should be
measured with measuring instruments whose structures and
operation algorithms are specified in the normative docu-
ments, i.e. the definitions of the measured parameters and
their implementation are imposed by the relevant standards.
Following this way it makes it possible to comparise the me-
asurement results obtained with different instruments, and
the results obtained during a longer time periods. It can be
seen that certain quantities can be measured both by the
analog and digital methods, while the other quantities can be
measured by digital methods only. Those quantities that can
be measured by the digital methods only are connected with
phenomena and definitions of “grainy” character and being
complex regarding to their processing e.g. in the frequency
domain. The remaining quantities are measured with instru-
ments that implement the measurement with analog methods,
mixed analog-digital methods or by fast analog-digital pro-
cessing and further processing by digital systems. This last
method is applied to measure the quantities based on the
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definitions connected with Fourier spectrum of the analysed
signals, ¢.g. THD. Typical solutions from the mixed analog-
digital group include a light flickering severity meter where
the flickering severity signal is determined by an analog me-
thod, and its statistical analysis is made by a digital method
(a solution presented in normative documents). The limita-
tions and difficulties of the current measurement implemen-
tations according to the given definitions of quality measu-
res are connected to the changing parameters of the measu-
ring signals: distortion from sine wave, nearly-periodicity,
non-harmonic spectrum, time variability of the amplitude, fre-
quency and phase angle, i.e. variability of the signal spec-
trum. The properties of the measurement systems used are a
next limitation.

These include:
~— limitations of the ranges by the accumulated nonlinearity

errors,

— measurement frequency band signal,

— static instability (e.g. influence of the temperature and
component aging) of components,

— dynamic instability (e.g. oscillations of the filter used),

— internal noise of the instruments resulting from e.g. quan-
tisation in the A/D converters,

— sampling frequency,

— length of words used in the data processing algorithms,

— errors and rounding in calculation algorithms.

Essential limitations result from the difficulties in the cali-
bration of the designed measuring instruments. Complex and
multi-stage calibration procedures are the limitation. The re-
ference signals used, are described as periodic signals and,
until now, no reference signals exists with random signal cha-
racteristics, described by the statistical parameters. A discre-
pancy between the reference signals and the signals for which
a measurement is carried out is clearly visible in the docu-
ments on the light flickering severity meter [1, 2, 3] where
statistical properties of the tested signal are analysed, and
testing signals are sine or rectangular signals. In [8] it is
shown that such an approach to the measurement increases
the measurement uncertainty and may generate problems of
measurement result interpretation.

The construction of the high accuracy instruments will be
based on digital or mixed analog-digital processing with a
tendency for displacing the mixed analog-digital solutions.
The great technological progress in the manufactury of com-
ponents for constructing such systems (improved is opera-
tion speed, resolutions and accuracy, implementation capa-
city of arithmetic and logic operations) is the second reason
for introducing solutions based on the fast analog-digital
processing and further digital processing. Economical effects
are not without importance here.

5. MEASURING INSTRUMENTS

Digital instruments to measure the electrical energy quali-
ty parameters are a sub-group of the existing digital measure-
ment systems. Regarding their hardware, these instruments
can be divided into the following groups:

— microcontroller based instruments,
— instruments based on the standard computer systems ada-
pted toreal-time systems, industrial version of IBM PC, PC104,

— instruments based on the DSP processors,
— instruments based on programmable logic structures,
— instruments based on mixed solutions.

A choice of the method comes from the requirements for
the processing speed, accuracy, user’s interface, capabilities
of the used design tools and, of course, from the economic
reasons. Mixed solutions prevail with the critical (with re-
gard to speed) parts of instruments are implemented by the
programmable logic structures or signal processors, while
measurement results recording, presentation or transmission
trough interfaces are performed by an instrument part built from
microcontrollers or IBM PC, VME or VXI systems. The possibi-
lity of changing the instrument’s operation variability, i.e., the
modernization of the instrument without its rebuilding is an addi-
tional property of such construction of the instrument. A
typical general structure of the instrument is shown in Fig. 1.

The input voltage and current signals are measured and
assessed on their quality. In multiphase power systems, they
can be treated as voltage and current vectors. Input circuits
arc a block of analog elements used to scale inputs and pro-
vide galvanic separation required to secure the safety of per-
sonnel and instrument. Because the signal sampling frequ-
ency of the A/D converter block is specified, the input circu-
its contain also the filters that limit the highest frequency in
the sampling signal band so that the requirements of the
sampling theorem are met (antialiasing filters). If the input
signal sign changes and its constant component is not ana-
lysed, A/D converters with lower parameters (zero drift) and
band-pass filters can be used. In a A/D block, the signals are
converted into digital form. The character of the observed
signals (distorted signals of the basic frequency of 50 Hz)
and their analysis connected with instantaneous values cau-
se that the fast and high resolution converters are used (ads
and catalogues say that converters with are used have reso-
lution of at least 16 bits and operating at sampling frequency
of 5 kHz or more). The problem of ensuring sufficient ampli-
tude frequency is two-aspect: the resolution of the A/D co-
nverter used and the transmission of common (parallel) di-
sturbances by the input system. Because of the additive di-
sturbances, the utilization of high-quality A/D converters is
often not very efficient. Moreover, the spectra of these di-
sturbances cover a band frequency similar to the measuring
signal band spectrum. For this reason, a method of effective
galvanic separation from the network, of high CMMR coeffi-
cient, good measurement signal transmission with low inter-
nal noise is used. A digital system implementing transmis-
sion of signal to determine quantities characterising electri-
cal energy quality is designed in such a way that it can ope-
rate correctly at the given sampling frequencies, i.e. that the
servicing times of the external events and calculations do
not exceed the calculation power of the means applied. The
measurement results are exported by the user’s interface un-
derstood more widely as visualisation devices, and the inter-
faces to other digital systems. This interface allows to con-
trol the measurement. An autocalibration block is an essen-
tial element for controlling of the analog part and the correc-
tion of certain deviations in operation of these blocks. The
block is controlled by a digital system and is used for gene-
rating testing signals of known parameters. The testing si-
gnals are transmitted to the input and A/D converters blocks.
Through multiplexers, the signals are used to test the state of
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Fig. 1. Block diagram of a system for measuring quality indices in three-phase network

the instrument before measurements starts, or can be treated
as additional element of the input data vector and enable
current control to be made.

A diagram of the typical system with signal processors,
one per each phase, with fast internal bus and specialised
controller is presented in Fig. 1. Such a structure is typical for
the VXI and VME standard solutions and for fast dedicated
constructions.

6. CALIBRATION IN MEASUREMENT SYSTEMS

The systems measuring complex quantities through com-
plicated processing of signals, require the verification of the
correctness of the results obtained. This process is necessa-
ry for assessing whether the measurement is sensitive to the
changes of the measured quantities, and possibly not sensi-
tive to the disturbing quantities. The designed and manufac-
tured measurement system requires after the operational te-
sts that its calibration is made in order to ensure its reliability.
The calibration is process that should be standardised. Refe-
rence and standardisation papers describing the instrument
construction give usually a method for instrument verifica-
tion and calibration. If complex quantities are measured than
this process is usually multi-stage. In the first stage of ma-
king the measurement system, the instrument, operational,
signal values at some selected points of its characteristic
curve are determined. These values are mainly the values of
the frequency characteristics and measurement scales. The
values of the measured quantities, treated as input values,
are selected so that the operational range of the MS (measu-
rement system) can be verified. Sine signals or rectangular
signals suitably modulated are the testing signals. Selection
of such signals is connected with the knowledge on their
parameter values and easiness in their generation. In further
stages, the measurement results obtained by the tested MS
are compared with the reference instrument. Also, basing on
the testing signals specified in the standardization docu-
ments, the ready instrument is tested. Based on these si-
gnals, their parameter are determined as well as the measure-

ment results these signals. The differences between the me-
asurement results and the expected values give the basis for
determining the operational correctness of the MS. The ap-
plication of procedures with complicated relationships, great
number of tests and verifications gives the instruments of
similar properties. However, the problem arises of how these
checked instruments will work with signals that have more
complex spectrum and nonstationarity. Solving this problem,
a proposal is put to carry out verification with a reference
instrument for selected operating conditions of the MS. The
performance of such a task would consist in selecting a gro-
up of consumers generating characteristic signals, and veri-
fying the MS during its operation. Systems with dynamically
changing load are the examples of the consumers influen-
cing the electrical energy quality. With such a test a problem
is connected of nonrepeatability of the conditions under
which the MS was tested. On the other hand, complicated
tests and limited operational range of the MS worsen its usa-
bility, and its economic costs increase. The considerations
presented define in fact a problem of calibration of instru-
ments working with random signals. As it was found, such
instruments are mostly calibrated by determined signals
which results in occurrence of differences difficult to inter-
pret. A way to solve this problem is searching for such me-
asurement methods and defining such quantities that have
the same properties for random and determined signals.

7. INTERNATIONAL COOPERATION
ON SCIENCE AND TECHNOLOGY

The complexity and importance of the electrical energy
quality problems in power networks of various countries and
the commercial exchange of electrical energy contribute to
developing many standardization documents. Recently, stan-
dardization documents lay down the definitions of indices
being the quality criteria, and the recommended method for
their measurement. In most cases, a general method of me-
asurement is given and also the method for verifying its cor-
rectness. Measuring instruments used for quantitative as-
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sessment of electrical energy quality by measuring selected
quality indices are important elements of the quality impro-
vement. The problem of developing and standardizing me-
thods for measuring the effects of network voltage variabili-
ty within the 0.5 Hz — 2 kHz band has been intensively inve-
stigated for more than 10 years by the International Union for
Electrotechnology and the International Electrotechnical Com-
mission. These activities are focused on determining uniform
measurement methods (implemented in various ways, though),
adopting certain measures for quantitative assessment of me-
asured quantities and standardising the form of measurement
results. Not without an importance in these activities is the dis-
semination of the opinion that the work carried out in this disci-
pline is purposeful and is the condition for improving electrical
energy quality. The “Leonardo” programme under the Euro-
pean Union may be an example of such activities.

The measurements of electrical energy quality-connected
quantities were initially based on the valid national stan-
dards and guidance manuals, as a rule different in different
countries where tests were carried out. In 1980s, when the
problem of disturbances in power networks intensified, the
access to intense work on developing correct and uniformed
methods was declared by such organizations as UIE, IEC,
CENELEC (European Commiittee for Electrotechnical Stan-
dardisation) and IEEE. They published several reports and
standardisation documents that were accepted in groups of
power network constructors and operators. Now, under the
accession obligation, several documents are being transla-
ted into Polish. Observing new documents, old updated ones
and discussions in standardisation committees and profes-
sional journals suggests that this is a problem in a develo-
ping state and new changes are to be expected forced by the
progress in measuring technique and the changing opera-
tional conditions of power networks.

8. RESEARCH AND PRACTICAL
PROBLEMS—THE PROSPECTS

The area of problem connected with the widely understo-
od control over the electrical energy distribution is vast. On
the one hand, it covers all stages of electrical energy trans-
mission, on the other hand, it covers the multiplicity and
complexity of the measuremend of the quality parameters of
the transmitted electrical energy. Journals (national: Quality
and utilisation of electrical energy) and many scientific con-
ferences are dedicated to these problems. Also the relevant
research work is carried out. The recent stat of art of the
technology clearly augment these problems. The analysis of
document and papers show that both research work and de-
velopment of standardisation documents continues and no-
thing points the end is nearby.

From the metrological point of view, two directions of work
can be distinguished: the first one concerns developing de-
finitions for electrical energy quality indices, the second one
covers the problems of designing the instruments measuring
the electrical energy quality indices. These works converge
and aim to such a description of problems on measuring in-
struments and methods that the resulting standardisation
documents could be used for practical implementing of me-
asurements employing mostly digital method for processing

measuring signals. Several research and technology problems
can be defined for measurement methods, circuit solutions
and metrological properties of the devices for determining
quality parameters of the supplied electrical energy. Of spe-
cial interest is the measurement of the quantities connected
with the physiological effects of light source flickering.

Basic problems include certainly the problems with defini-
tions and with making measurement conditions more preci-
se, especially those subjective. An example can be presen-
ted the problem of the influence of physiological factors du-
ring designing a flickering severity meter, i.e., flickermeter.
Low band and the way voltage changes, mostly nonstatio-
nary, but approximately described by statistical parameters
is another important problem.

Definition problems are beeing solved by creating defini-
tions based on natural measures. Examples are: voltage in-
stantaneous value, RMS value, average, frequency. More
complex, “arbitral” measures are also used, e.g. such that
give the influence of light flickering on man’s physiology.
Solutions to the definition problems are carried out based on
the following premises:

— using the measurement as a functional over the measured
variables. Required: measure uniqueness and bounded-
ness, i.e. the existence of a measure for real signals.

— obtaining such properties of the measures that enable the
efficient interpretation of the described phenomena to be
made

— high measure sensibility to the variability of parameters
connected with the measured quantity.

— low sensibility to unwanted factors because each “ideal”
definition is implemented under real conditions and with
concrete technical means.

Finally, the definition problems are solved first of all by
international agreements on the definition formula and on
the manner the mentioned above factors are taken into acco-
unt in the measurement method with application of recent
technical capabilities. Such capabilities consist, first of all, in
application of fast digital technique to implement algorithms
of complex voltage processing and in spectral and statistical
analyses. The usability of the defined electrical energy para-
meter verifies the whole work.

The second group of research and technology problems
is connected with the implementation of measurement and
the assessment of metrological properties of measuring in-
struments. The basic idea of a digital instrument consists in
the fast high-resolution A/D processing of the measured
network voltage, and then in digital implementation of the
definition of measured quantities in a signal processor or
other system processing signal in a digital way. The rate of
processing results from the nonstationarity of the voltage of
20 ms period and spectrum covering the band up to the 40th
harmonic while the high resolution results from the measure-
ment signal variability, i.e. generally small (of order of per-
cent of fraction of percent) “components” of this voltage
against a constant large value. This implies stronger require-
ments on the measuring instrument, especially on the quality
of its input circuits. Certain problems arise then of proces-
sing quality assessing and measuring instrument testing.

The scope of work concerning building, calibrating and
then utilising an instrument for measuring the electrical ener-
gy quality index, i.e., light flickering severity, covers two parts.
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The first one contains research on algorithms implementing

definitions of measured quantities where the amplitude and

voltage frequency nonstationarity is taken into account. This
research includes:

— presentation of a model for network voltage conversion
into a quantity measured in a form of a linear on nonlinear
dynamic operation, producing a nonstationary signal con-
nected with the measured quantity

— spectrum analysis of this signal to find objective measu-
res connected with the measured quantity,

— investigating the parameters (random and non-random)
of these measures, with the nonstationarity character of
the investigated signal taken into account.

Such stating of the problem of measured quantity repre-
sentation means that the signal processing models should
be separated in the measurement path into the models that
can be assessed objectively and the models whose asses-
sment is to considerable extent subjective. In the second
case, it is necessary to accept the settlements following from
the up-to-date experiences or valid documents.

The second part includes the verification of the concep-
tion of circuit and program solutions of an instrument for
measuring electrical energy quality. The conception forese-
es the application of the modern and available technological
solutions. The constructions of such instruments have full
galvanic separation and autocalibration features. Also it is
planned that the instruments may be connected to compu-
ters that are provided with standard interfaces (e.g. RS232,
RS485, eternet and modem connections) to record in long
time periods the selected measurement results and to opera-
te with computer networks. Such recording can be used to
determine the quantities that describe changes in voltage
parameters in normal operation during long time period, e.g.,
frequency and the range of voltage changes, flicker, harmo-
nic content and other changes occurring in large power sys-
tems. These quantities may be used to analyse the power
system operation, so such an instrument may also be applied
to diagnose power systems.

It is proposed that measuring instruments be built in two
classes of measuring quality: reference instruments with the-
ir parameters strictly specified by the standards relating to
instrument construction and measurement method, and indi-
cators with allowable greater measurement errors that can
result from a simplification of the measurement method. Rela-
tively large differences (of order of a few percent) between
the results of measurements made by these instruments are
allowable.

The directions or work carried out in several research cen-
tres, and the problems the users of the recently manufactu-
red measuring instruments encounter are related with the
large differences between indications of measuring instru-
ments considered as reference ones, and with their interpre-
tation. Following changes in the standardization documents,
it can be noted that attempts made by ICE aim at defining the
parameters of measuring instruments more precise, so that
these differences be removed. The differences between the
measurement results are the effects of measurement signal
properties and differences in the constructions of various
instruments that meet the requirements of the relevant stan-
dards, which leads to the problems of interpreting of results.
The work of standardisation committees aim at adopting more

stringent testing of the manufactured instruments by deve-
loping a rather complicated multi-stage instrument calibra-
tion procedure. It is assumed that introducing simpler me-
thods for processing measurement signals postulated in this
paper will significantly reduce such differences. Introducing
the digital processing method and placing in a document the
parameters of this processing will eliminate the differences
between the manufactured instruments. Application of digi-
tal methods for processing measurement signals results in
better approximation of the model of the described proces-
sing methods and an evaluation of this approximation as
early as in the stage of the design of a MS, and, in consequ-
ence, improving the quality of measuring instruments. Com-
paring the recent state of technology, especially the parame-
ters of instruments with digital signal processors (fast digital
systems with a 150 MHz clock or better, fixed and floating point
arithmetic) or programmable logic structures, with the parame-
ters of measurement signals connected with the electrical ener-
gy quality (the band of usable signals smaller than 10 kHz), it
can be stated that the digital implementations of measurement
methods are technological feasible and may have measurement
characteristics much better than their analog equivalents. Ho-
wever, implementations of measurements by digital systems
generate hardware and software problems because measu-
ring according to an accepted definition requires adopting
certain approximations of the operations used on signals,
and must take into account the properties of the technologi-
cal means used for measurement implementation.

Solving of the problems, presented in this paper, is based
on the available technological means and is often limited for
economic reasons. Pursuing the greatest accuracy possible
usually results in an increase of calculation capacity (e.g.
filtration by filters with a greater number of coefficients);
also data word length increases and the number of arithmetic
operations. It is, therefore, necessary to have more time for
the measurement, or a faster and more efficient digital sys-
tem. To this end, signal processors are introduced (with their
structure adjusted to the measurement type), and program-
mable logic structures. The digital system type and its calcu-
lation capacity are, in turn, limited for economic reasons. It
can be noted that digital technology is preferred in standar-
disation documents. At the recent stage, this technology
only replaces analog solutions, modelling their operation. It
may be presumed that new capabilities of digital technology
allow to employ new definitions of measured quantities and
more accurate representation of defined quantities that are
feasible to be implemented not only in this technology.

The presented problems of measuring parameters, indices
of electrical energy quality, refers especially to signals con-
nected with the part of spectrum close to the basic power
network frequencies and called nonstationarity. The consi-
deration presented are a starting point for defining new elec-
trical energy quality indices and designing measuring instru-
ments to determine their values.

9. CONLUSIONS

The problem of defining the measured quantities descri-
bing the electrical energy quality is an important side of the
problems discussed. Analysing the relevant papers and di-
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scussions, it can be noted that such a quantity is searched
for, that it measurement will more synthetically represent the
state of voltage at an testing point of the power network. To
determine more accurately disturbances and predict their pro-
pagation, this quantity should meet the conditions necessa-
ry for determining a rational scale, and especially the postu-
late of additivity of measurement results. The lack of solu-
tion to this question results in developing new and new qu-
antities assessing the electrical energy quality with regard to
particular groups of power system users. Certain difficulties
occur with unique interpretation of measurement results,
which produces some attempts to make definitions their im-
plementations more precise through more and more compli-
cated procedures of design and calibration of measuring in-
struments. A turning point in measurement of quantities con-
nected with electrical energy quality has not occurred yet. In
the author’s opinion, the development of a definition of a
quantity being an electrical energy quality index in low fre-
quency disturbances of power network and that does not
have measurement and utility disadvantages is feasible.
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