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CAPABILITIES OF NB-IOT TECHNOLOGY FOR
SOLVING TASKS OF MONITORING, ACCOUNTING AND
COLLECTING DATA ON ELECTRICITY CONSUMPTION

Problems with accounting, collection and correct readings of
electricity meters are of great importance when preparing and invoicing
for electricity, especially in neighborhoods with private households, where
the process of monitoring electricity consumption is not always provided
for various reasons beyond the control of the consumer of services. The
development of modern information technologies, including mobile
communications using the technology of NB-IoT, allows us to solve
problems related to improving the efficiency of monitoring, accounting, and
data collection of electricity consumption in microdistricts not only quickly
and efficiently, but also increase the management efficiency of the process
of collecting meter readings, as well as reducing the costs of the Service
Provider for transport services, personnel and other items of expenditure.
The article presents an analysis of various brands of metering devices
used in the Urker microdistrict and the use of metering devices with the
support of technology NB-IoT. A simulation model of access to metering
devices using the technology of NB-IoT is shown. The issues related to the
causes and problems of electricity theft are touched upon. The article will

be useful to students, doctoral students, engineers, anyone who is related
to automation and control of technological processes and productions, as
well as anyone who deals with the problems of implementing the ASUE,
1oT technology.

Keywords: Internet of Things technology, accounting, collection,
control, metering device, mobile operator, efficiency, mobile communication,
technology NB-1oT, ASKUE technology.
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Introduction

Problems related to the control, accounting and collection of electricity
consumption data have been studied and are being studied by many foreign and
Kazakhstani scientists and the methods proposed by them are used in practice [1].
The problem of electricity theft has always been and still is, as one of the main
ones in the articles of electricity transmission organizations and operators [2—6].

In 2021-22, prices for household gas and commercial coal increased
significantly, and the volume of supplies of these raw materials to the regions
decreased significantly. As a result, the owners of private houses were forced to
use electrical appliances for heating, which caused a sharp increase in the load
on the electrical networks and electricity consumption.

In this connection, the question arose about the need to obtain data from
metering devices, electricity consumption in online providing the following
requirements:

- quality and accuracy of transmitted electricity consumption data;

- accuracy of calculation of electricity consumption by hourly rates;

- the ability to monitor and check the readings of metering devices;

- compliance of the readings of electricity meters with the invoices issued
for payment;

- the possibility of changing hourly tariff plans;

- lack of ways to steal electricity;

- reliability and safety of the system for monitoring, accounting and
transmission of electricity consumption data.

Materials and methods

Application of the automated control system, accounting and collection of
readings of metering devices of consumed electricity ASKUE.

Results and discussion

The Urker residential area is located in the Yesil district of Astana, (see
Figure 1). The population is more than 24,000 people, 2 schools, a hospital, a
military unit, 10 restaurants and cafes, 8 bath facilities, 35 shops, 2 covered bazaars,
more than 3,000 residential real estate objects have been built [7].
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Figure 1— Urker microdistrict (photo obtained from open sources)

Provision of the Urker microdistrict, goes along the VL-35 kV highway
«Vozdvizhenka-Maksimovka-Porcelain Factory» in the Tselinograd district with
a length of 42.5 km, with the possibility of connecting new consumers.

Currently, in the world, and now in Kazakhstan, there is a possibility of using
the technology (standard) of remote connection and access to electricity metering
devices using TI-IoN technology. In Kazakhstan, this standard is currently provided
by the mobile operator Kcell (Beeline and Tele2 are working in this direction).
For the technology, in the case of organizing direct access to objects, it should be
possible to organize your own IP address [7].

The disadvantages of direct access include:

- the presence of a fixed ip address in the network (binding to the provider);

- limitation of connections to the device (lack of traffic, quality of mobile
channels).

These disadvantages can be eliminated by storing data in cloud technologies
and using Nbi technology.

The main advantages of Quieter technology are:

- the ability to connect about 100,000 iOS devices to one cellular station
(higher than other standards);

- the ability to analyze IoT data using Big Data methods.

- increase the coverage area;

- improving the quality of the network [8].

Mercury 230 metering devices installed in private homes do not have the
ability to keep records and control the electricity consumed remotely using
mobile technologies. Readings of consumed electricity from metering devices
are taken by technical personnel, once a month. Since 2015, AREK Astana
JSC has started replacing Mercury 230 metering devices with Russian-made
CE 303 energy meters that support the possibility of automatic metering and
data collection of electricity consumption (see Figure 2).
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«The CE 303 energy meter is a three-phase, universal transformer or direct
connection (depending on the version) and is designed to measure active and
reactive electric energy, active, reactive and full power, energy specific losses,
voltage frequency, phase shift angle, RMS voltage and current strength in three-
phase four-wire alternating current circuits and the organization of multi-tariff
electricity metering» [9].

Technical data are given in Table 1.

The main disadvantages of the energy meter meter CE 303 include:

Figure 2 — Electric energy consumption metering devices
Energy meter CE 303

- lack of constant access and connection in automatic mode due to the low
signal level of the base stations of cellular operators;

- the number of subscribers served by the sectors of each base station far
exceeds the possibilities of high-quality services for consumers of the service;

- it is not possible to support the VB-IoT technology.

- In Kazakhstan, a static meter (electronic) ORMAN is produced similar in
technical characteristics to the CE 303 Energy Meter device [10]. The functionality
of the metering device provides for the use of various interface devices to ensure
data transmission (see Figure 3).
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Figure 3 — ORMAN electric energy consumption meter
(photo obtained from open sources)

The technical characteristics of the electricity consumption meter are
presented in Table 1.
The analysis of the above presented metering devices shows that they all
have various disadvantages and one common one is that it is not possible to use
NV-IoT technology.

Table 1 — Technical characteristics of metering devices

Functions OPMAH SAURES Onepromepa CE | Mepkypuit
303 230
Number of tariff 4+1 4+1 4+1 4
zones
Accuracy class 1,0 1,0 058S,1 1,0
Interface RS485, infrared | RS485 — 2., RS485 — 2mir., RS-485;
port, plc, RS232 - 2., Ether- RS232 —2mrr., CAN
GPRS, RF- net — 1p., CAN — Ip., Ethernet— 1 p.,
868, loRaWan | built-in GPRS mozuem CAN-1p.,
— lp., digital/analog built-in GPRS
input — 4p., discrete MozeM — 1 p.
outputs (Umax=400B, digital / analog
Imax=100mA) — 2p. input — 4p,
optoport, plcG3
Average operating 210000 h 200000 h 210000 h
time to failure
Verification interval 8 years 6 years 5 years 10 years
Service life 24 years 25 years 25 years 25 years
Guarantee 1,5 years 1,5 years 3 years 1,5 years
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Price in tenge 46000 63000 57000 31200
Standards support GSM GSM, NB-IoT, LTE GSM,
Manufacturer Kazakhstan Russia Russia Russia

SAURES electricity meters (see Figure 4) use this standard. Technical
specifications are presented in Table 1.

Figure 4 — SAURES electricity meter (photo obtained from open sources)

All SAURES devices have the ability to:

- provide information on network failures, changes in current and voltage
from basic parameters;

- the possibility of disconnecting electricity transmission services for late
payment by consumers;

- provision of information data, both to the consumer and the supplier, on
the amount of electricity consumed for a certain period in online mode, with the
possibility of choosing the optimal tariff plan (if such exist) [11].

The monitoring and accounting device has the ability to automatically upload
information data to the cloud or to the mail of the Service Provider and provide
the consumer with access to information data stored in the cloud.

SAURES produces controllers that allow upgrading metering devices with
the following interfaces [11]:

- RS-485;

- Wi-Fi interface with support for up to 8 pulse and 8 digital channels;

- NB-IoT interface with up to 8 analog and 32 digital channels. NB-IoT.
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The simulation model of the organization of access to metering devices using
NB-IoT technology has been developed in the MatLab software environment,
using Simulink libraries and menus. The input data for the simulation is taken
into account the connection of subscribers to the sectors of the base station. We
assume that the number of connections to the metering devices of the base station
is carried out with an intensity of 5 subscribers per minute.

The simulation model should simulate random moments of occurrence of
requests and the time of their service in the channels, taking into account the
following problems:

- the ability to service subscribers with the system;

- system performance;

- system maintenance failure;

- channel occupancy;

- average channel occupancy time;

- channel occupancy;

- channel downtime;

- downtime of the entire system;

- average number of requests in the queue;

Figure 5 shows a simulation model of organizing access to metering devices
from a mobile base station using NB-IoT technology.

Figure 5 — Simulation model of organization of access to metering devices
by a mobile base station using NB-IoT technology
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The total number of base station subscribers registered in the sector of the
base station is subtracted from the number of subscribers served in the «Sumy»
block, the remaining ones are accumulated in the «Discrete-Timelntegrator block.

To limit the accumulation of the «negative» queue, in the «Discrete-
Timelntegrator» block Figure 2, we check the box «Limiting output signals», then
set 0 in the «Lower limit value» parameter.

The remaining «Discrete-Timelntegrator» blocks summarize the input signals
and do not require further configuration (see Figure 6).

Figure 6 — Making changes to «limiting output signals»

The «RelationalOperator» block checks the dimension of the queue with a
limit of 5 subscribers, if the queue is larger than 5, it sends a control signal to the
«Switch» block — a switch that restricts the input, not skipping the signal from
the «<MATLAB Fcn» block, but skipping 0.

The results of simulation modeling of the organization of access to metering
devices by a mobile base station using NB-IoT technology by a mobile base station
for various time intervals are presented in Table 2.

Table 2— Results of modeling the organization of access to metering devices by a
mobile base station using the NB-IoT system technology by a mobile base station
for various time intervals

Simulation | Subsriber | Verojatnostobslug | Vsegoobslug | Ostalos v Sred. Attampts
time ocheredi | dlinaocheredi BS
600 2970 0,8586 2524 5 5,055 3011
1200 5940 0,8572 5049 5 5,057 6019
1800 9090 0,8541 7650 5 5,058 9024
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The simulation results show that the base station provides remote access to
electricity metering devices and service providers in more than 85 % of cases.

Conclusions

Metering devices with support of NB-IoT technology will allow to ensure
an increase in the efficiency and quality of accounting and data collection of
electricity consumption in the Urker microdistrict due to:

- accuracy, reliability, control and analysis of these indications;

- detection of cases of unauthorized interference and theft of electricity;

- the possibility of remote disconnection / connection of electricity to
consumers.

- obtaining reliable bills for the consumed electricity;

- obtaining data on cases of technical losses in networks.

- saving financial costs;

With the average monthly electricity consumption of one household
amounting to 400 kW/h, the introduction of metering devices with the support of
NB-IoT technology, energy savings for one household will amount to 1015 % per
year or 10958 tenge (with a tariff for individuals of 15.22 tenge per 1 kW/h [12-13].
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SJIEKTP SQHEPI'USACBIH TYTBIHY JIbl BAKBLJIAY, ECEIIKE AJTY
JKOHE JIEPEKTEP/I )KUHAY BOMBIHIIA MIHJAEPTTEP/I IIEIITY
YIIIH NB-IoT TEXHOJIOI'MSICBIHBIH MYMKIHAEKTEPI

Drexmp dHep2UsACHIH ecenke any acnanmapbli ecenke Ay, HCUHAY HCOHe
Oypbic Kopcemy npobremManapsl JeKmp IHePeUACHL YuliH mejiem xcacayad,
acipece wazsvii ayoanoapoa, dcexe MEHUIK YU-diIcainiapsl oap wommapovl
0atiblHOay JicoHe YCbiHy Ke3iHde YIKeH Mauvlzea ue, MyHOAd IJeKmp
SHEP2UACHIH MYMbIHYObl OAKbIIAY dpOAUbIM Kbi3Mem MYMulHYUbICbIHA
batinanvicmul emec mypii cebenmep OOUBIHUA KAMMAMACHI3 emiiMeloi.
Kasipei 3amanevl aknapammuly mexnHoi02usnapovl, COHblY iutinoe
Mobunvoi baunanvicmor oamvimy NB-IoT mexnonozuscvin Konoawny
apKLLIbL WABLIH AYOaHOAPOa JeKmp SHEPSUSACHIH MYMblHyObl OAKbLIAY,
ecenke any, oepexmepoi JCUHAY MUIMOLTICIH apmmuipyea OAUIAHBICIbL
Mocenenepli weulyee 2ana emec, COHbIMeH Kamap ecenmey KypanoapulHbiH
KepcemKiumepin JHcUHAy npoyecin backapyovly muimoiniein apmmuolpyead,
COHOAU-aK Kbizmemmepoi HCemKi3yULiHIH KOIK Kbl3MemmepiHe ubleblHOapbiH
asaimyaa MyMKiHOIK 6epedi. KblaMemKepep JHCoHe wbl2blcmapobly 6acka
banmapul botivinua. Maxanaoa Ypkep wazoii ayoanvinoa KOIOAHbLIAMbIH
ecenmey KypaioapulHuly Opmypai mapxaiapvina manoay sxcove NB-IoT
MEeXHON02UACHIH KONOAUMbIH ecenmey KypanoapvlH KONOAHY YCbIHbLI2AH.
NB-IoT mexnonocusacoln Ko10ana omvipvin, ecenmey Kypaidapblia Ko
2HCEMKIZYOTH MOOETbOEY MOOEE KOpCemineeH. DNeKmp dHEPSULCHIH YPAAYObll
cebenmepi MeH npooJEMAnapbIHA OAUIAHBICIbL MOCeNeep Ko32anobl. Makana
cmyoenmmepee, 0OKMOPAHMMAp2ad, UHHCEHepepee, MexXHOL0UANbIK
npoyecmep mer 6HOIpicmepoi ABMoMammaroblpy MeH 6acKapyaa Kamuicol
bap bapavix adamoapea, conoai-ax IKEAXK, loT mexunonocuscoein eneizy
MocenerepiMer AUHATbICAmbIH OApablK adamoapea natioaibt 60aaobl.

Kinmmi ce30ep: unmepHem 3ammapel mexHoN02UACYL, ecenke dany,
arcunay, Bakwinay, ecenke any acnabwi, ysanvl onepamop, muiMOinix, ysanvl
oatinanvic, NB-IoT mexnonoeusinapot, IKEAK mexnonozuscoi.

*K. M. Axuwes’, A. JI. Tynezynos’, M. Baiiscapuxosa’,

T. Amanxyn*, M. Epeews’

1245Ka3axcKkuit yHHBEPCUTET TEXHOJIOTHH U Ou3Heca,
Pecmy6nmka Kazaxcran, T. AcraHa;

3Tapa3sckuii pernoHaIbHBIN yHUBEpcuTeT MMeHd M. X. [lynaru,
Pecny6nuka Kazaxcran, 1. Tapas.

Marepuan noctynui B penakiuio 20.06.23.
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BO3MOXHOCTHU TEXHOJIOI'MHA NB-IoT /U151 PEIHEHUS
3AJAY I10 KOHTPOJIIO, YYETY U CBOPY JAHHBIX
HOTPEBJIEHUSA DJIEKTPOSHEPI' N

Ilpobremuvr ¢ yuemom, cb60pom u KOppeKMHbIMU NOKAZAHUAMU
npubopos yuema 2J1eKMpoOdIHep2UU, UMEIOm OO0NbUioe 3HAUeHUe NPU
Nn0020MoBKe U BbICABIEHUU CYemO08 HA ONAAMY 3d 2IeKMPOIHEPIUIO,
0CODEHHO 8 MUKPOPAUOHAX, C YACMHBIMU OOMOBIAOEHUAMU, 20€ NPOYeCcC
KOHMPOJIS 30 NOMPebieHUeM 2IeKMpPOIHEP2UL He 6ce20a 0becneyusaemcst
N0 pPA3UYHbIM NPUYUHAM He 3d8UCAWUM Om nompebumens yciye.
Pazeumue cospemennvix uHDOPpMAYUOHHBIX MEXHONOSUL 8 MOM UYUCTe
MOOUNBHOU 853U ¢ ucnonv3osanuem mexvonozuu, NB-IoT, noseonsem
pewams 3a0a4u CéA3aHHble C NOGbIULEHUEM IPHeKMUBHOCMU KOHMPOIIS,
yuema, coopa OaHHbIX NOMPEDICHUsL DTIEKMPOIHEPSUU 8 MUKPOPALIOHAX He
MOILKO ONEPAMUBHO U KAYECBEHHO, HO U NOBbILUAIOM IPheKmueHocms
ynpasienus npoyecca co6opa nokasaHuil npubopos yuema, a maxorce
crudcenue sampam Ilocmaswura yciye HA Mpancnopmuule YCiy2u,
nepconan u no Opyaum Cmamviam pacxooos. B cmamwve npedcmasien
AHANU3 PATUYHBIX MAPOK NPUOOPOS Yuema UCHOIb3VeMblX 8 MUKPOPALIOHe
Yprep u npumenenue npubopos yuema ¢ no00epicKol mexHoiocuu
NB-IoT. [loxazana umumayuoHHas Mooetb 00Cmyna K npubopam yuema ¢
ucnoavsosanuem mexronoauu NB-IoT. 3amponymsl 6onpocuwl, cesazantble
C NpUYUHAMU U npooOIeMamu Xuyenus dnexmposnepeuu. Cmamuos 6yoem
noie3sHa cmyoeHmam, OOKMOPAHMAM, UHIHCEHEPAM, 8CeM, KMo umeem
OmHOWeHUe K A8MOMAMU3AYUL U YAPABIEHUIO MEXHON02UYeCKUMU
npoyeccamu u npou3Bo0CmMeamu, a makice 6cem, Kmo 3aHumMaemcs
npobremamu erHeopenust mexronocuu ACKYO, loT.

Knrouesvie cnosa: mexnonozua unmepHema gewei, yuem, coop,
KOHmMpOJb, npubop yuema, MoOUIbHLIL onepamop, dPhekmusHocms,
Mmobunvras ceasw, mexuonocuu NB-IoT, mexunonocus ACKYD.

Onepeemuranvik cepusicol. Ne 2. 2023
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