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THE SELECTION OF TRANSMITTERS USING FUZZY LOGIC
METHOD

Problems. The main issue for solving the problem of the gas flow measurement system and its
commercial accounting is to provide the metrological features required during flow measurement, as well as
to create conditions for obtaining prompt, complete and reliable data.

Methodology. The use of mathematical models of the devices allows to correct the indicators and
dynamic characteristics of the devices, taking into account the changes in the environmental parameters. In
addition to hard processing and control algorithms, one of the ways to increase the efficiency of the system is
to use fuzzy processing algorithms that allow considering all possible options.

Findings. The main aspects of choosing the optimal flowmeter for the data-measuring system for
accounting and distribution of natural gas are considered using methods of solving multi-criteria problems
under conditions of uncertainty. Effective methods of selecting a measuring device depending on technical and
economic indicators of the flow meter are analyzed, taking into account the problems of determining priorities
in terms of fuzziness, subjectivity of information provided by experts on flow meters of different manufacturers,
warranty and service conditions. Provided by the manufacturer, problem-solving opportunities were studied,
the appropriateness of using fuzzy selection methods, fuzzy algorithms, along with deterministic methods, when
choosing devices that ensure the optimal output characteristics of data measurement systems, completeness
and integrity of data, their output signals for processing is displayed.

Originality. Effective methods of selecting a measuring device depending on technical and economic
indicators of the flow meter are analyzed, taking into account the problems of determining priorities in terms
of fuzziness, subjectivity of information provided by experts on flow meters of different manufacturers,
warranty and service conditions.

Practical value. The application of one of the methods of solving multi-criteria problems, i.e.
FTOPSIS, to choose the optimal gas consumption measuring device in terms of satisfying the construction and
operational characteristics presented in the development of the information measurement system, ultimately,
the application of one of the methods of solving one of the alternative solutions to increase the effectiveness of
the decision-making system, which opens up new opportunities in the process of choosing one of the alternative
solutions can lead to simplifying (automating) the procedure of prioritizing decisions.

Keywords: gas consumption; transmitter; information-measurement system; fuzzy logic; selection
criteria.

Introduction. Accurate metering and distribution of natural gas during production and
transportation is critical to optimizing these processes.

Therefore, considering that natural gas is used as the most environmentally friendly fuel and
is an indispensable raw material for the production of chemical products such as urea — a fertilizer for
plants, it has the highest environmental and thermal indicators. the rate of development of the
industry, the amount of gas processing (consumption) of new tools required for measurement.

Currently, flowmeters and counters of various designs and a simple working principle are used
to measure and record gas flow (quantity). The information-measurement systems to which those
tools and devices are connected can be built on the basis of certain concepts. One of the important
problems in the development of these systems is the selection of measuring instruments with optimal
indicators and metrological properties in accordance with the manufacturer's specifications and
technical tasks drawn up for the design of the system. Obviously, such a choice depends on the
working principle, design parameters, metrological indicators (accuracy and error, etc.), data
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reception and transmission, working temperature and pressure, type of output signal and functionality.
Existing criteria and methods for the application of these devices should be based on data.

Studies show that information about devices and devices placed on websites is presented in
an attractive form in most cases. Since this information is promotional in nature, it will not provide
accurate results when used to select devices based on relevant criteria. As a result of the analysis, it
was determined that the deterministic parameters of the devices have a certain uncertainty. These
indicators and parameters include their output signal, fundamental, relative and absolute errors, and
the signal processing algorithms used. On the other hand, it turns out that various manufacturers work
with relevant industry standards, which in most cases focus on the design of devices to attract
customers. For this reason, the use of existing deterministic methods during the selection of
parametric devices that meet the specified requirements does not allow to obtain the desired result in
most cases.

Therefore, improvement and development of existing selection methods based on modern
information technologies is urgent and requires a systematic approach.

Statement of the question. When developing the appropriate information-measurement
system, a device with characteristics that meet the requirements of technical conditions is selected
and integrated into the system, the required characteristics of the system as a whole are obtained and
processed. Also, the results of gas flow measurement and other parameters accompanying the gas
transportation process require special attention.

As mentioned, for the application of algorithms based on the theory of fuzzy sets, which is a
branch of soft computing, the output characteristics of the sensors and transducers used in the
measurement of the relevant parameters, metrological indicators, and the characteristics of the
sensitive element should be studied.

The problem of selecting measuring tools based on appropriate criteria for the creation of
software that ensures the correct functional characteristics and dependencies of devices operating
under the conditions of information uncertainty, as well as the problem of the final conversion of the
measured parameter into an electrical signal and then transferring it to the digital input of the system,
processing and creating the data received in the process of measurement and transformation covers
issues.

To ensure the metrological and technical-economic characteristics of information-
measurement systems, the joint use of deterministic and fuzzy data processing algorithms is more
appropriate and allows using the advantages of both types of algorithms.

The last 25-30 years are characterized by the development and application of various
information-measurement systems using microprocessor-based measuring devices using fuzzy sets
and fuzzy logic, soft computing theories that automate decision-making under uncertainty [1]. The
use of this approach allows obtaining optimal and more efficient results in most cases.

It is known that the natural gas extracted from the fields contains both mechanical impurities
and other aggressive substances, which lead to rapid wear of the devices connected to measure gas
flow directly into the well and at the outlet of the complex gas cleaning and drying unit. This fact
imposes additional constraints on the selection of a suitable cost measure and further increases the
size of the multi-criteria optimal selection problem. Therefore, one of the main issues that must be
solved during the development and improvement of the 10S is the selection of the most suitable
device for measuring the consumption of natural gas with a given composition and minimizing costs.
However, studies show that it is not possible to develop universal gas flowmeters, which, in turn,
allow to improve the scheme of the measuring tract and the system as a whole. These details require
a differential approach to the selection of a consumer and a suitable converter that fully meets the
process requirements and provides the required efficiency and quality indicators of such systems,
depending on the gas composition.
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As with any technical device consisting of many elements and parts and electronic circuits,
the technical and operational characteristics of existing types of flowmeters are different. Therefore,
they should be selected according to technical indicators, advantages and disadvantages. This choice
is also affected by the unique features of the issue and process. In this case, when choosing, it is
necessary to take into account the optimal ratio of price and functionality, which in some cases is
important to minimize the costs of creating and maintaining the system.

Flowmeters provide a direct measurement method based on the formation of Coriolis forces
when the measured flow passes through a specific device. Incorporating a microprocessor-based
transducer with a suitable sensor into the flow meter provides real-time measurement of gas flow,
density, temperature, and volume flow calculation. Coriolis counters have no moving parts. This
ensures high accuracy and reliability of measurement results, as well as low operating costs. In
addition, their installation is simpler than other flow meters, since no special equipment (such as a
membrane) is required.

Despite their high sensitivity to excitation, Vortex flowmeters are widely used in industry to
monitor the flow of various liquids and gases. VVortex meters use special coefficients to reduce and
compensate for effects such as fluctuations in measured flow temperature, changes in pipe diameter,
and flow turbulence to improve accuracy of measurement results.

Modern electromagnetic flowmeters are not used to measure gas consumption, although built-
in microcontrollers allow to reduce the effect of noise and disturbances, and to expand the diagnosis
of faults.

A flowmeter consisting of a differential pressure sensor and a main transducer based on
variable pressure methods is the most versatile measurement method. However, this requires the
installation of a shrink device.

Thus, there are currently a large number of flow meters, which in turn requires selection
criteria for such flow meters.

Problem solving. Studies show that in addition to the analyzed technical and operational
indicators, it is necessary to take into account the availability of the appropriate production base and
service for choosing the optimal measuring device.

The necessity of choosing any decision, in this case a device characterized by a large number
of indicators, requires the identification of contradictions and the search for compromises in the
decision-making process. There are various methods for analyzing and solving this kind of multi-
criteria problem, for example VIKOR, ELECTRE, TOPSIS [2]. The main difference between these
methods is in the evaluation of comparable alternatives.

Since the issue of choosing the most optimal device for measuring gas consumption in terms
of its technical and economic indicators is multi-criteria, a number of multi-criteria methods such as
TOPSIS and FTOPSIS (Fuzzy Technique for Order Preference by Similarity to Ideal Solution), which
allow determining the optimal alternative depending on the evaluation of the distance from the ideal
solution, are used, decision-making method MCDM (Multi-Criteria Decision Making) and
possibilities of algorithms were investigated. The TOPSIS method, based on the calculation of the
distances from the anti-ideal point to the ideal point (solution), determines the impact of uncertainties
in expert assessments, and allows determining the decision-making priorities regarding the choice of
a measuring device for the gas consumption measurement and accounting system. Several advantages
of TOPSIS are: simplicity of the calculation process — it allows easy programming in the form of a
table; the presence of a scalar price that pays both the best and the worst alternatives at the same time
— facilitates evaluation [4].

FTOPSIS, which is a derivative method, is based on fuzzy sets. Using FTOPSIS with fuzzy
logic is considered to be a very effective step to reduce the influence of subjectivity in expert opinions.
At the same time, by setting the priorities of this or that solution, it is possible to evaluate the
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proximity of the found solution to the ideal solution. As it is known the membership functions of
fuzzy sets have different forms, but it is appropriate to use the triangular function because it is the
simplest and has the widest application possibilities. At this time, the issue of choosing a device that
meets the requirements for most parameters and indicators will consist of several steps.

The first of these is the selection of an appropriate linguistic variable to express the importance
of the relevant criterion. In this regard, when choosing a flow meter, an analysis of advantages and
disadvantages is carried out after compiling a general table of available flow meters.

The second stage consists of ranking individual types of flowmeters by degrees, applying
degrees depending on the criteria. Currently, the following indicators can be applied as obvious
advantages:

- sufficiently high accuracy;

- measurement stability;

- does not depend on the flow direction;

- ease of installation and maintenance, lack of requirements for straight parts of the pipeline;

- reliability of measurement results during pipeline vibration, temperature and pressure
changes;

- long-term service;

- no periodic calibration required.

In addition to the basic indicators mentioned at this time, we take into account that the
presence of self-diagnostics allows timely detection and elimination of faults, and in some cases their
prevention, which increases the reliability of the system and the integrity of the measurement results.

After adding a large number of other metrological and technical-economic parameters and
indicators to the above list, the final tables are presented to experts. They prioritize based on obvious
advantages and other characteristics necessary to determine the technical and economic indicators of
the selected device according to the characteristics of the technological process.

In the third and fourth steps, the parameters of the membership functions of the corresponding
linguistic variables are determined to construct the fuzzy decision matrix and the normalized fuzzy
decision matrix.

The most difficult but effective step in solving this problem is to build a table of alternative
solutions needed to select the required measuring instrument. For this, at the fifth stage, procedures
for determining fuzzy positive ideal solutions and fuzzy negative ideal solutions come into play.

In the sixth step, the distance from each alternative solution to the positive ideal and negative
ideal solutions is calculated. The seventh step is to determine the similarity score for the selected
devices. The obtained results ensure that the final choice is determined by prioritizing each alternative
solution.

It should be noted that the efficiency of the decision taken in all cases includes both technical
and economic aspects of choosing a suitable and adequate cost meter. Therefore, the indicators
corresponding to these two aspects should be analyzed in advance and reflected separately for each
device in the tabular information presented to specialists for selection. This efficiency is determined
by the efficiency achieved during operation together with the flowmeter data-measuring system, it is
planned and predictive and should not exceed the values given in the technical assignment. It is clear
that in the calculations related to this, the price of the flow meter, the cost of service services,
operating costs, due to the fact that it has better characteristics compared to the current flow meter,
and the effect due to its low error should also be taken into account.

After choosing a measuring device, it is advisable to carry out a simulation using Simulink or
other software products, the results of which will help to evaluate the reliability and integrity of the
received solutions in the future.
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Conclusion:

Research shows that

- the application of multi-criteria problem solving methods in the selection of measuring
devices in response to the given requirements allows not only to achieve the highest possible level of
durability and reliability, but also to reduce the costs of using the device as part of the system;

- in addition to all mentioned selection methods, it is advisable to apply a hybrid method
using fuzzy calculation to facilitate the operation process by experts;

- thus, the application of one of the methods of solving multi-criteria problems, i.e.
FTOPSIS, to choose the optimal gas consumption measuring device in terms of satisfying the
construction and operational characteristics presented in the development of the information
measurement system, ultimately, the application of one of the methods of solving one of the
alternative solutions to increase the effectiveness of the decision-making system, which opens up new
opportunities in the process of choosing one of the alternative solutions can lead to simplifying

(automating) the procedure of prioritizing decisions.
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BUBIP IIEPEJABAYIB METOOM HEYITKOI JIOT'TKA

Mema. OcrogHum NUMaHHAM 8UPIUIEHHS NPOOIeMU CUCTeMU BUMIPIOBAHHS BUMPAMU 2a3y ma U020
KoMepyilinoco 00Ky € 3a0e3neyeHHss MemposOcIYHUX XAPAKMEPUCTNUK, HeOOXIOHUX Npu SUMIDIOBAHHI
BUMPAMU, A MAKONC CMBOPEHHSL YMO8 OJis1 OMPUMAHHS ONEPAMUBHOL, NOBHOI Ma 00CMOGIPHOL iHGopmayii.

Memoouxa. Buxopucmanus mamemamuynux mooeuetl npucmpois 00360J18€ KOpU2y8amu NOKA3HUKU
ma OUHAMIYHI XapaKmepucmuKy npucmpois 3 ypaxyeaHHam 3MiHU napamempie HaBKOIUUHb020 cepedosulyd.
OKpim JHCOPCMKUX ANCOPUMMIE 00pOOKU MA Kepy8anHs, OOHUM i3 WLIAXI8 NIOBUWEHHS epeKmusHoCmi
cucmemu € GUKOPUCMAHMA HEYIMKUX aneopummie oOpoOKu, AKI 003601810Mb PO3HAHYMU 6CI MONCIUBE
sapianmu.

Pesynomamu. Posenanymo ocHosHi achekmu 8ubOOpy ORMUMANBLHO20 —SUMPAMOMIpA  O1f
iHopMmayitiHo-6uMipIo6anbHOI cucmemu 00Ky ma po3noodiry APUPOOHO20 2a3y 3a OONOMO2010 MemoOie
supiulenHs 6a2amoKpumepianbHuUx 3a0a4 8 yMosax HesusHavenocmi. Ilpoananizosano eghpexkmugui memoou
B8UOOPY  BUMIPIOBAILHO20 NPULAOY 3ANEHCHO 610 MEXHIKO-eKOHOMIYHUX NOKA3HUKIE SUMpPAmomipa 3
VPAxXye8auHIM NpobieM BUBHAYEHHS Hpiopumemis wodo Hewimkocmi, cyO’ekmusHocmi ingopmayii, wo
HAOAEMbCsl eKCHEPMAMU U000 SUMPAMOMIPI6 PI3HUX GUPOOHUKIE, YMO8 2apanmillHO20 Md Cep8iCHOZ0
obcryeosyeanns.  Jlocniodceno HAOAHI  BUPOOHUKOM — MONCIUBOCMI  GUPIWEHH 3a0a4, OOYLIbHICMb
BUKOPUCMANHI MEMO0I8 HEeYIMKO20 8i000pY, HeUIMKUX AN2OPUMMIS, NOPSO 3 0eMePMIHOBAHUMU MeMOoOdMU,
npu eubopi npucmpois, wo 3abe3neuyioms ONMUMAIbHI BUXIOHI XAPAKMEPUCUKU BUMIPIOGATILHUX CUCTEM
OanUx, NOGHOMY MA YINICHICMb OAHUX, IX GUXIO. BI00OPANCAIOMbCS CUSHARU OJist 0OPOOKUL.

Hayxoea nosusna. l[Ipoananizosano eghexmusni memoou uOOpy UMIpIO8AIbLHO20 NPULAQY 3ANEHCHO
8i0 MEXHIKO-eKOHOMIUHUX NOKAZHUKIE BUMPAMOMIpa 3 YPaxye8aunHam npoodiiem UsHAYeHHSA npiopumemie ujo0o
Heyimkocmi, cy0’ekmusHocmi iHgopmayii, wo HAOAEMbCA eKCNepmAaMu Wooo UMPAMOMIPIE Di3HUX
BUPOOHUKIB, YMOG 2APAHMITIHO20 MA CEPBICHO20 0OCIY208YBANHSL.

IIpakmuuna 3nauumicms. 3acmocy8anus 00HO020 3 MemoOdi8 po38 A3aHHA 0a2amoKpumepiaibHUx
sa0ay — FTOPSIS — 0na subopy onmumanvrhoeo sumiprosaya sumpamu 2azy 3 MOYKU 30PY 3A0080IEHHS
KOHCMPYKMUBHUX ™A eKCHIYAMAYIUHUX XAPAKMEPUCMUK, NPeOCMAasienux y po3pooyi iH@opmayitino-
BUMIPIOBATLHOT cucmeMu, 003605€ NIOGUUNUY e(eKMUSHOCIb CUCIeMU NPULHAMMS PilueHb i npuzéecmu
00 cnpowjenHs (agmomamusayii) npoyedypu npiopumesayii pitieHs.

Knwwuosi cnosa: eumpama 2azy; nepeoasay; iH@OOPMAYIUHO-GUMIPIOGAIbHA CUCTHEMA, HeUimKa
noeika; kpumepii 6ubopy.
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