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ASSESSMENT OF THE CONDITION OF THE DISTRIBUTION ELECTRICAL
NETWORK WITH DIFFERENT COMPLETENESS OF INPUT DATA

The most effective measure to ensure the observation of electric distribution networks is the integration of
intelligent metering devices with the ability to store and transmit data based on Smart Metering technology into automated
commercial electricity metering systems. Automated systems of commercial electricity metering systems and intelligent
metering devices are designed to provide reliable and timely information about electricity metering on the basis of which
financial settlements are made between market participants. However, today the use of automated systems of commercial
electricity metering of intelligent metering devices in distribution networks is limited, and the available information does not
make it possible to ensure the observation of electric distribution networks and, as a result, to determine the components of
electricity losses in the structure of the electricity balance with sufficient accuracy.

That is why the article analyzes the possibility of improving the observability of electrical distribution networks using
Smart Metering devices. The expediency of applying the results of assessing the state of distribution electric networks in information
systems for the purpose of detailed analysis of the functioning of electric networks is investigated. A mathematical model for
assessing the state of the distribution electrical network and the quality of measurements in it is applied.

Smart Measuring Information Systems accumulate information about measured power consumption schedules, the
use of which allows to form an element-by-element structure of electricity losses with reference to the time period of
operation of network elements, as well as determine local cells with the greatest impact on total electricity losses. In addition,
commercial expenses included in the balance sheet structure do not have an independent mathematical description.
Therefore, it is difficult to assess their economically justified level. They are determined from the structure of the electricity
balance, as the difference between actual losses and calculated technological losses. An increase in the profit of energy supply
companies depends on the reduction of the commercial component. Thus, the urgent task is to develop methods and tools for
analyzing technical and commercial electricity losses in electric distribution networks and introduce software tools for their
implementation using Smart Metering databases and Information Systems.
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BYPHKIH O. b., MAJIOT'VJIKO 0. B., TOMAILIEBCHKUI 1O. B., IIEPEATHIA /1. B.

BinHunpkuii HalioHaNbHUI TeXHIYHUN yHIBEPCHTET

OIIHKA CTAHY PO3NOJLILHOI EJEKTPHYHOI MEPEXKI 3A PI3HOI IOBHOTH BXIJTHUX JIAHAX

HatlepekmueHiwum 3axodom 0451 3a6e3neyeHHs CNOCMepedx CeHHs1 3a e/1eKmpopo3nodibHUMU Mepexcamu € iHmezpayis
iHmesekmyanvHux npusaadie 064iKy 3 Moxcaugicmiwo 36epieaHHsi ma nepedadi O0aHUX HA OCHO8I mexHosa02ii Smart Metering &
asmomamus08aHi KoMepyiliHi cucmemu 06.1iKy esekmpoeHepzil. Aemomamu308aHi cucmemu KomepyitiHux cucmem obaiKy esnekmpoeHepeii
ma iHmesekmya/abHi npuaadu 06aiKy npusHayeHi 045 HadaHHA docmogipHoi ma ceoeuacHoi iHgpopmayii npo 06aik enekmpuuHoi eHepeii,
Ha ocHosi siKoi 30ilicHIotombcsi PIHAHCOBI PO3PAXYHKU MidC YHACHUKAMU pPUHKY. [Ipome Ha cb0200HIWHIlL OeHb BUKOPUCMAHHSA
agmomMamus08aHux cucmem KomepyiliHoeo 006iKy esnekmpoeHepeii npusaadie iHmesnekmyasnabHo20 0064IKY 8 po3nodinbyux Mepexcax
obMedxceHe, a HasieHa [HPopmayis He dae Moxcaugocmi 3a6e3neyumu cnocmepexceHHs 3a e/eKmpopo3nodibHUMU Mepexcamu I, K
Hacaidok, susHauumu ckaadosi smpamu esiekmpoeHepzii 8 cmpykmypi eaekmpu4Ho20 6a1aHcy 3 00CMamHb00 MOYHICMIO.

Tomy 6 cmammi aHANI3yEMbCA MOHCAUBICMb NOKPAWEHHSI CNOCMEPEeXNCAU80CMI €/1eKMpPOo po3no0iNbHUX Mepedc 3a J0NoMO2010
npusadie Smart Metering. [locaidxceHo doyinbHicmb 3acmocy8aHHs pe3yabmamie OYiHKU CMaHy po3noodifbHUX e/AeKMPUYHUX Mepexc 8
iHgpopmayitinux cucmemax 3 Memor demaabHO20 aHANi3y PYHKYIOHYBAHHS eNeKMPU1HUX Mepedc. 3aCmoco8aHo Mamemamu4Hy Modelb
0415 oYiHKU cmaHy po3nodinbHoi enekmpuvHoi mepedxci ma sskocmi 8UMipr08aHb y Hill.

PosymHI  sumipiosanbHi  iHPopmayiliHi cucmemu Hakonuuyroms iH@opmayito npo eumipsaHi 2padiku cnorusaHHs
esiekmpoeHepaii, BUKOPUCMAaHHS 5IKOT 00380/51€ chopmysamu noeseMeHmMHy cmpykmypy empam esekmpoeHepeii 3 npus’askor do nepiody
yacy pobomu esemeHmie mepedxci, d MaKoxic 8U3HAYUMU A0KAAbHI KOMIPKU 3 HAUGIAbWUMU 8NAUS HA 302a1bHI 8mpamu eneKmpoeHepaii.
Kpim moezo, komepyiiiHi eumpamu, wo exodsime 0o cmpykmypu 6a/aHcy, He Maiomb camocmiiiHo2o Mamemamu4Hozo onucy. Tomy
oyiHUMU iXx eKOHOMI4HO 06rpyHmMo8aHull pieeHb 8axcko. BoHU susHauaromuscs 3i cmpykmypu 6a4aHcy eneKkmpoeHepail, K pi3HUYs Mixc
dakmuyHumu i po3paxyHkosuMu mexHo/02IMHUMU empamamu. 36I1bWeHHs] NpubymkKy eHep2onocmavanbHuX KOMNaiil 3asexcums 8iod
3MEHWeHHs KoMepyiliHoi cknadoeoi. Takum YUHOM, AKMYA/NbHUM 3A80aHHAM € po3pobka memodie ma iHcmpymeHmie 0451 aHaAi3y
MmexHIYHUX ma kKomepyiliHux empam eseKmpoeHepzii 8 eAeKmpu4HUX po3nodilbHUX Mepexcax ma enposaddtceHHs NPo2paMHUX 3aco6ie 015
ix peasizayii 3 sukopucmaHHaM 6a3 daHux ma iHgopmayiliHux cucmem Smart Metering.

Karuosi cnosa: po3nodinvHi enekmpu4Hi mepedxci, oyinka cmary, Smart Metering.
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Problem statement

The task of static state assessment (SA) is to estimate the complex values of Phase voltages (States) on the
buses of the distribution network nodes. The input data is information about the measured mode parameters, such as
power flow, voltage and current values, as well as information about the status of switches, power line parameters,
transformers, capacitors and reactors. The types of measurements, their location, and accuracy vary depending on
each topology of the electrical network [1].

The following types of measurements are most often used:

- flow-flows of active and reactive power measured in power lines or at Transformer inputs;

- setpoint power of nodes-full generation of active and reactive power on System buses;

- voltage values-measured on System buses;

- current values - currents measured in power lines or at Transformer inputs.

In addition to the measured parameters, additional values are also used that complement the information
model to improve the efficiency of state assessment:

virtual measurements-measurement values that are known due to restrictions on mode parameters. The
most commonly used virtual measurements are base node voltages;

pseudo-measurements -- measurement values that are predicted based on statistical data to fill in a set of
measurements in poorly controlled locations. Examples of such measurements are: projected loads or projected
power output schedules on generator buses.

In Fig. 1 is shown a diagram of functional dependencies between state evaluation blocks. To get a state
estimate, pre-filtering of data is provided to identify and eliminate measurements that are clearly false (negative
voltage values, out-of-range Flow Power, etc.). In parallel with filtering, the topology of the electrical network is
analyzed and a mathematical model of the electrical network is constructed. The mathematical model is
supplemented with statistical data from the statistics database and non-observable sections of the electrical network
are selected.

Dinamic data

Equipment Statistics
condition
Measurement —l
Pre-filtering Electrical network

topology analysis

Condition - Electrical network
assessment observation analysis
Areas of partial
observation
A
Error detection Error analysis
Condition
Errors
assessment v v
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Fig. 1. Functional dependencies and data exchange between state evaluation blocks

The tested and supplemented model is used in the state detection procedure that best matches a given set of
mode parameters and its topology, taking into account the accuracy of available measurements. Additionally, error
detection and analysis is performed. If the number of errors does not exceed the allowed number, they can be
detected and corrected. The resulting results are transmitted for display.

Modern state assessment tools are also able to detect topological errors and clarify the values of
questionable mode parameters.

Thus, the state assessment serves as a large-scale filter between remote measurements and higher-level
applications.

Analysis of recent sources
Today, several approaches are used to synchronize, recover lost and verify measured information [2]:
» Big Data Technologies;
» calculations based on non-lost data;
» using typical electrical load schedules;
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» application of state assessment methods.

The main general requirement of these approaches is the availability of non-lost data. In other words, a part
of the network requires measurements in volumes sufficient to restore information. In the absence of measurements,
retrospective data is used to recover them and detect emissions in the measurements.

According to the analysis, it is promising to use a combined approach of methods for assessing the State [3]
- [7] for time synchronization of information and the use of typical graphs of electrical loads to restore time-
aggregated information [8] - [9] about the flow of electricity. The advantage of using this approach is the ability to
analyze the energy efficiency of distribution EN with a significant share of dispersed energy sources. This is
especially true for photovoltaic power plants, as they have a fairly predictable generation schedule in accordance
with a typical Metrological year [10], [11]. This makes it possible to use it in a mathematical model as a standard
one, along with power consumption graphs.

The purpose of the work is: systematization and research of the possibility of improving the observability
of electrical distribution networks using Smart Metering devices.

Presentation of the main material

Mathematical model for estimating network status and measurement quality

The static state assessment function is used to monitor system performance during normal operation, when
the system is in a pseudo-stationary state, responding to slow load changes and network generation. In view of this
model, all available measurement types can be expressed as a function of the parameters of the electrical network
mode in the form of a state vector. These expressions are non-linear and do not take into account possible errors due
to network parameter uncertainty, measurement errors, or noise that may occur in telecommunications systems.

Consider a vector z containing a set of dimensions that can be recalculated in the mode parameters [1]:

Z4 (%0, 0 Xy, ey

5= Z_g _ 15 (2, %5, e, Xp, n 8_2 —h(x)+e
' : ' : M
Zm N (2, X9, 0, X 2

where AT = [hy (), by (%), ... hp ()];
h[ (x) - nonlinear function linking measurements i and the state vector variable x;

xT = [xy,%,, ... X ]- system state vector;
e’ = [e,,e,,...e,;,] - measurement error vector.

The state vector is usually constructed in an extended form, where Cartesian or polar coordinates are used
to represent each component of the state variable (bus voltage) by its two separate components — the real and
imaginary components, or the module and phase. Similarly, the measurement Vector will contain real records z,
which correspond to the flow of active or reactive power and the generation of the node, or the value of Phase
voltages or currents.

Usually as state variables x; accept the module U; and the phase angle d; voltage in independent nodes of
the electrical network. The measured parameters in EN are the voltage modules in individual nodes U%, active users
Pf and reactive @f capacities in loading and generation units equipped with ASCME facilities are active Pf and
reactive @F power flows in power lines equipped with TV measuring devices.

Functions /; (x) which link measurements z with a state vector x they are functions of a mathematical
model of an electrical network and its parameters that have the following form in polar coordinates:

for power measurements in nodes:

N
P= UE-Z U;(G;jcosdy; + Byjsindy;),
i=1
N
0, == U,.Zuj(c;,.jsin 5, — By cos8,),i=12,...N,
=1
for measuring power flows in branches:
P,; = UU,(G;;cos8; + B;sind,;) — G, U7,
Q;; = U;Ui(Gy; sin6; — B;jcosdy) + UZ (B — byy;).

The following assumptions are used in the calculation:

Errors are distributed according to the normal distribution law.

Mathematical expectation the values of all errors are zero, i.e. E(e;) = 0,i=1,___m.

The errors are independent, i.e. the mathematical expectation of the product of the errors is zero, i.e.
E(e;e;)=0. Therefore, the error covariance is calculated by the expression:

Cov(e) = E[e-eT] = R = diag{o?,0%, .05}

Standard deviation o; everyone i-th measurement method is calculated in such a way as to reflect the
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expected accuracy of the measurement device used. In [12] it is proposed to calculate the standard deviation of
measurement by the device as follows:
o; = 0,0067S; + 0,0016 - FS;, 2)
where

P2+ QZ, to measure the flow of the branch k —m,
5. =
E P? + Q%to measure the power in the node k,

|Vy,|for the voltage value in k;
F§; = division of the measurement scale.
The formulation of the state assessment problem is based on the concept of maximum verisimilitude, which
uses certain assumptions.
The first assumption is that errors are distributed according to the normal distribution law. Random variable
z has a normal distribution if its probability density is - f{z), set as follows:

1 —2z-) f®
F@)= e =7 3)

where z - random variable;

1 - mathematical expectation of the value z, u =E(z);
o - standard deviation z.

A special feature of distribution networks is the insufficiency of the observation vector z. That is, using
purely measured parameters, it is not possible to identify the EN state, because Problem (3) has no solutions. Adding
a vector z with information from standard load graphs (pseudo-measurements) for EN nodes, it will attract the
resources of existing measurement and monitoring tools to ensure the observability of the electrical network without
additional financial costs.

Conclusion
The possibilities of improving the observability of electric distribution networks using Smart measuring
devices, aggregated information from automated commercial electricity metering systems and pseudo-measurements
are systematized and investigated. The expediency of applying the results of assessing the state of distribution
electric networks in information systems for analyzing the energy efficiency of electric networks should be checked
experimentally.
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