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CHOOSING THE BEST SOLUTION:
COMPARATIVE ANALYSIS OF AUTOMATION
AND CONTROL EQUIPMENT

Industrial automation and control equipment are witnessing
unprecedented advancements, with a multitude of technologies now
available to flow through the value chain. Competing against each other,
it is increasingly challenging for decision-makers to choose the most
effective solutions. With so many manufacturers now offering products,
industry professionals often lack the insights required to make proper
comparisons. This situation results in inefficiencies and poor investments.
This challenge is particularly pronounced in areas such as power
generation, manufacturing, and other industries where these analytics
are used, but no standardized parameter checks were taken on analytics.
This study focuses on these aspects by showcasing a thorough reflection of
prominent automation and control technologies, assessing their profiling
parameters, and respective brand-specific advantages. This thesis employs
a “mixed-methods approach” that rests on quantitative and qualitative
analysis, both based on a unique dataset synthesized from publicly available
data. The research assists industry professionals, procurement experts, and
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decision-makers in making better selections, resulting in greater efficiency,
lower costs, and improved industrial automation strategies.

Keywords: Industrial Automation, Control Systems, Power Industry,
Modernization, Decision-Making, Technology Selection, Adaptive
Automation, Power Systems.

Introduction

The speed of growth and the explosion of available solutions in the industrial
automation and control technologies space can be debilitating to decision-makers
in finding the best-fit tools for their needs. The plethora of competing products
from numerous manufacturers creates a challenge for industry professionals who
do not have the insights to accurately compare options, resulting in inefficiencies
and investments that lack optimization [1]; [2].

From power generation and manufacturing to quality assurance, automation
is the key to improving functionality and maintaining standards, leading to a vast
amount of research being conducted around developing digital control systems
[3], automated inventory management [4], and model-based test generation [5].

Help them find the right solutions among the vast number of options available
in the world. For example, the efficiency of control algorithms in hydroelectric
plants [6] and for photovoltaic inverter networks [ 7] has been shown, and numerous
organizations struggle to identify reliable, low-cost systems, which have been
shown capable of optimizing [8]; [9].

In a similar vein, limited availability of standardized benchmarks greatly
hinders process control development tools [10], ideas that should aid the automation
of refrigeration [11] and sales funnel automation [12].

Managing system redundancy [13] is another important aspect of industrial
automation. Improvement results have been shown with research on supervisory
control [14], and optimal algorithms, only if a structured comparative study is
performed, else it is a trial-and-error-based approach that still many businesses take.

With advances in the realm of predictive adaptive control and automated
quality assurance [15], the requirement for a standardized evaluation framework
is further accentuated.

Although existing studies have focused on decision-making strategies [16]
in the context of mechanical engineering control systems and automation in
manufacturing, the organized comparative approach has not gained much traction
in existing literature.

To this aim, this paper proposes an evaluation framework specifically
designed to automate and control equipment, comparing leading manufacturers
and performance metrics in a systematic way to guide technicians and engineers
in choosing the most suitable solution.
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Materials and methods

By employing mixed methods, this study aims to provide a thorough analysis
of the competitive structure of automation and control equipment, with an emphasis
on the comparative assessment of power measurement and analysis devices. The
core component of the study is a quantitative framework, enriched by qualitative
insights extrapolated from the technical specifications of the devices examined.

The essence of this method is the novel and unique database, which is created.
Drawn from publicly available information, this database carefully documents similar
equipment from a diverse list of manufacturers. Data used in this study are original,
unique, and have not been used in any known research. The dataset has various
advantages over traditional frameworks such as knowledge bases like Wikidata and
traditional ontologies such as the semantic web by providing a unique point of view
on the technical specifications and feature sets of power metering and analyzing
devices heretofore not available in the databases as other available resources do
not cover this type of devices in comparison. This has been a multi-faceted process
where the analysis is based on a detailed study of the market offerings.

To enable a systematic quantitative analysis, major technical attributes of
each device were grouped and then encoded as being present (+) or absent (-) for
each device, forming a binary matrix of device features. The binary data enabled
a systematic comparison of device features. These binary data points were then
aggregated together using Python scripts for each product to build a numerical
indicator of how many positive features each device had to offer. That was a great
way of going from qualitative description of characteristics to quantitative values
that could be compared.

Numerical data was then plotted on a number of graphs. All plots contain the
total count of positive features (similar to the inclusion of a feature) on the y-axis
and the associated manufacturer on the x-axis. Such a graphic allows you to see at
a glance how the manufacturers’ products stack up against each other to find which
ones offer more feature-laden and/or better-quality devices. These visualizations
are a powerful analytical tool that allows for a quantitative assessment of the
competitive strengths and weaknesses of each of the manufacturers with respect
to the breadth of functionality and capability incorporated into their products.

The research serves as a useful practical guide for assessing automation and
control equipment, and will be of significant interest to all industry professionals,
particularly for those in procurement and decision-makers intending on investing
in energy infrastructure upgrades.

Data for this study, including device specifications and manufacturer information,
were assembled from publicly available resources. Note: The analysis was
conducted on data available prior to October 2023; however, numerous devices and
manufacturers were included to provide as comprehensive a comparison as possible.
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Results and Discussion

The visualization of the data, achieved through the plotting of device features,
allows for a clear assessment of each manufacturer’s competitive standing within
the defined categories. The following subsections detail the specific findings for
each meter type, highlighting key distinctions and overall performance.

An analysis of single-phase electric meters reveals the following observations:

Figure 1 — Single-phase electricity meters’ comparison

Considering unmarried-segment electric meters, numerous key factors can
be highlighted: The businesses are divided alongside the X-axis, every occupying
its personal variety. This makes it clean to examine their gadget. The height of the
dots on the graph displays the wide variety of benefits, which shows the best of the
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technical characteristics. The better the factor, the more benefits the system has.
In this study, a comprehensive comparative analysis was conducted, evaluating
various three-phase electricity meters based on a range of critical performance
and functional characteristics. These included Direct current measurement, the
accuracy class of active energy measurement, and the accuracy class for measuring
reactive energy. The meters were also assessed for their ability to perform measuring
energy in four quadrants, supporting Export/Import Accounting, and their response
to Harmonics. Further comparison focused on the number of tariffs they support,
display availability, and the presence of a discrete output and a discrete input. The
availability of a real-time clock and Modbus communication was also evaluated.
Regulatory compliance, specifically MID compliance, was a key consideration,
alongside pulse output frequency, operating frequency, and operating temperature.
The meters’ capabilities in measurement of active energy, measurement of reactive
energy, measurement of active power, and their measurement of reactive power were
also analyzed, as well as their ability to determine power factor, perform current
and voltage measurement, and accurately measure frequency. The verification
interval for each meter was considered to assess long-term reliability and regulatory
compliance. The analysis revealed that the equipment from all manufacturers
exhibited a generally comparable level of performance across the evaluated
characteristics. While minor variations were observed, no single manufacturer
demonstrated a consistent and significant advantage over the others. Graph analysis
for single-phase electricity meters: Considering the data on single-phase electric
meters shown on the graph, the following key points can be highlighted: Schneider
Electric (blue): This company demonstrates the highest results, as its points are
consistently located at the top of the chart. This indicates the high quality and
reliability of the equipment. Lovato (yellow): Also shows excellent results by
having multiple points at the top of the graph. Circutor (purple): It is haracterized
by high scores, which makes its products one of the best in its class. Averages: ABB
(orange): The points are located closer to the top of the chart, but their spread is
wider than that of the leaders. This indicates the variability of quality. INCONTEX
(turquoise color): Although most of the dots are located high, there are instances
with average characteristics. Energomera (brown): Generally, shows average results,
which may be a sign of a balanced price/quality ratio. Segment outsiders: Legrand
(red) and KRET NNPO (light blue): These companies have dots at the bottom of
the graph, which indicates less competitive hardware characteristics.

An analysis of three-phase electric meters reveals the following observations:
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Figure 2 — Three-phase electric meters’ comparison

Analysis of various three-phase electricity meters was undertaken, evaluating
them across a range of technical and functional characteristics. The considered
parameters included the Catalog number for identification, the Width of the device,
and the Measurement of the direct-on current. The Accuracy class of active energy
measurement and the Accuracy class of reactive energy measurement were also
primary focus points, along with the ability to perform Measuring energy in four
quadrants and support Export/Import Accounting. The analysis also included the
meters’ performance regarding Harmonics, the Number of tariffs they support,
Display availability, and the presence of a discrete output, a discrete input, and
an analog input, etc.

Schneider Electric (blue): The company is showing good results, as most of the
points are located at the top of the graph. This indicates reliable and high-quality
equipment. ABB (orange): Shows good results, although the point spread is wider,
which indicates a greater variety of models, from medium to high performance.
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Average indicators: Energy meter (red): Mainly has dots at the bottom of the graph,
which indicates less competitive characteristics. However, this may indicate the
affordable cost of the product. Legrand (green): Has a minimum number of points,
all of them are located at the bottom of the graph, which indicates the low quality
characteristics of the three-phase meters of this company.

An analysis of single-phase electric meters reveals the following observations:

Figure 3 — Power quality analyzers’ comparison

In analysis of Electricity Quality Analyzers, a comprehensive set of
performance and functional characteristics was evaluated. This included the
Catalog number for identification and device tracking, along with the Installation
method. The analyzers’ core measurement capabilities were assessed, encompassing
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Measurement of active energy, Measurement of reactive energy, Measurement
of active power, Measurement of reactive power, as well as the calculation of
Power factor. Further analysis encompassed the devices’ capacity for Current and
voltage measurement, Frequency measurement, and their ability to function with
switching on. We examined the Frequency of measurements, the Accuracy class
of active energy measurement, and the Accuracy class for measuring reactive
energy. Crucially, the Quality analysis by standards was considered, as well as the
ability to support. Export/Import Accounting. Data capture capabilities including
Oscillography and Flicker measurement were assessed, alongside the capability of
Saving parameters to a log and the capacity of Internal memory. Additional features
evaluated included the availability of Alarms, the Number of tariffs supported, the
presence of a built-in display and options for Connecting an external display, as
well as web interface availability and Ports. The analyzers’ Supported protocols
for communication, the availability of Analog inputs/outputs, and relay outputs
were also taken into account. Finally, considerations included the presence of a
Real-time clock and Time synchronization, Password protection, ease of Installing
the seal, the Operating frequency, Hz, Operating temperature, the verification
interval, and the expected Service life.

Schneider Electric (blue): A significant number of points are located at the
top of the graph (above 60 points), which indicates high-quality equipment. Satec
(pink color): Also shows high performance, with points located closer to the top
of the chart. Averages: ABB (orange): Has dots in both the middle and bottom of
the graph, indicating a wider range of product quality. Janitza (purple): There are
quite a lot of points, most of which are located in the middle part of the graph.
This indicates stable, but not outstanding quality. Circutor (red): The dots are
located mainly in the lower and middle parts, indicating moderate characteristics.
Segment outsiders: Legrand (green): The minimum number of points is shown,
which are located at the bottom of the graph, which indicates low performance.
Lovato (brown color): It has dots at the bottom of the graph, which indicates less
competitive characteristics.

Conclusions

This study has provided a comparative analysis regarding the performance
analysis on automation and control equipment with distinctive segmentation, such
as power quality analyzers and electricity meters. It has identified competitor
products and highlighted the gap in the existing market with respect to features,
price point, and technology.

Nonetheless, our results must be understood in the general landscape of the
difficulties associated with upgrading industrial automation and management
systems. The myriad of promising technologies offered by a wide range of
producers makes the selection process extremely difficult — there is no clear signal
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for the best solution to a particular application. Advanced control structures are
frequently highlighted in relation to power technology, as well as distribution;
however, the number of options often does not allow for a clear comparison to be
established for the decision-maker. In fact, small and medium enterprises face the
complexity of selecting and implementing automation systems due to the lack of
expertise, financial challenges, integration issues, and the challenge of selecting
the right technologies.

As noted by at [2], «the implementation process was technologically complex
and was technically demanding for the organization.

For single-phase electricity meters, we shall highlight Schneider Electric,
Lovato, and Circutor, leading brands that provide high-performance equipment
tailored for applications where reliability and functionality are a must. Other
manufacturers, such as ABB, INCONTEX, and Energomera, offer a more favorable
combination of quality and price, allowing for their devices to be used in a wider
variety of applications. Legrand and KRET NNPO products are available for less
complex tasks or budget options.

Schneider Electric is the leader in the segment of three-phase electricity
meters in terms of quality, having high-performance characteristics of equipment.
ABB deserves mention too, just because they offer a good variety of models for
different needs. Energomera and Legrand are more suitable for project budgets
with lesser quality requirements.

Lastly, the event has advanced power quality analyzers where Schneider
Electric and Satec have generally been the leading manufacturers providing
the best quality equipment. The solution is to use ABB and Janitza, which have
desirable advantages in the applications that need the price-performance ratio.
Circutor, Legrand, and Lovato fare better in lower-stress applications or cost-
sensitive products.

All in all, the environment for power quality analyzers and source meters
is an undifferentiated one, requiring diligence to make sure the products meet
needs and are within budget constraints. These findings highlight the need to
look beyond specs alone, with performance, price, and use cases all informing
purchasing decisions.

This study focuses on the complexities of selecting appropriate automation
and management systems in Kazakhstan’s energy sector, specifically through
the lens of international practices and decision-making advice. The findings
of this study can assist its stakeholders in making an educated decision which
will provide greater efficiency and reliability for our energy infrastructure and
automation systems.
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ceben 6010bl, OYI wewim KabbLi0aywsliap yYulih ey muiMoi uiewimoepoi
aHbIKmay KublHObIK myewizyoa. Homuoicecinoe, konmezen eHOipyutinepoin
Odepexmepi apmypii Oonvin Kenedi, OY1 Caiaivlk MaMaHoap Yuiin
CanvlcmulpmMaivl MAcbIMAanOayObl OAMbINY YUliH KAXCemmi mycinikmepoiy
JHCORANYIHA JCIHE AKNApAmmanean wewimnoepdi bazanayoa muimcis
MUIMOLNIKKe JCIHe ONMUMANLObl eMeC UHBECMUYUSIAPEa albin Keleol.
Convimen Kamap, suepeust, 6HOIpic HcaHe cana 6aKvLiay npoyecmepitiy
OipKenKi 6a2anay Kypolivlmbl JHCOK. ABMoMammanobipy mexHoi02usiapbit
Jicytieni mypoe canvblcmulpamvls, baca HA3ap ayoapy Kajicem OHIMOLIIK
Kopcemriumepin manigbliaimMbl3 JHCaHe Kbl3blabl 6ap OpeHomepmeH
KOpbImbIHObLIAUMbI3. 3epmmey Oipezell aublK, 0epeKKo3 HCUbIHMbIZbIHA
Hezi30eneen CaHObLK JiCoHe CAnablK Manoddy apKblibl apmypii a0icmep
KONOaHObl. ABMomammarnowipy KYpolLIebliapblHOAebl OACHIM MEXHUKAIbIK
Cunammamanapovl YublMOACMblpy JHCaHe KOOmay agmomMammanobipy
wewimoepin bazanay yuwin yiublmMOoacmolpyubliblK, J0iCHAMAHbL YCbIHAODL.
Homuoicenep canvicmvipmanst ouazpammanapoa kepcemineoi, ocvliaiuid
ey QYHKYUOHANObL JCIHE HCOaAPbl OHIMOI weuimoepoi YCbiHaAMmblH
OHOIpYWiNepOi OHAll AHBIKMAY MYMKIH 601a0bl. Byn caranvik mamanoap,
camuln Anyuwbliap JHeaHe wewim Kadvlioayuoliap yulin muimoi,
APMApPanmManObipbLIZaH CEKMOPUIAYUAHBL KAMMAMACHI3 emin, o1apobly
OHOIPICIK A8MOMAMMAHObIPY CMPAMESUSIAPbIH OHMAIAHObIPY Ke3iHOe
muimoi dicone yHemOl Kypanoapaa ue 6ona aiybl Yulih wewimoi weuim
KadwbLI0ayovl KamMmamacsl3 ememin a0ebuem YcolHyObl MaKcam emeoi.
Kinmmi ce30ep: Onepkacinmix asmomammanowipy, 6ackapy scyuenepi,
IHePeemuUKa CANAChl, JHCAHLIPNTY, WewiM Kabbli0ay, MexHoI0cUsNapobl
manoay, bedimoenciu agmomammanobipy, SHeP2eMUKALbIK Jicylienep

*C. K. Batizapawesa’, JI. K. Aboxcanoed?®, I C. baneabaesa’, A. B. JKanmnecosa’
'KazaxcTaHCKO-OpUTAHCKHI TEXHUUECKHUI YHUBEPCHUTET,
Pecnyonmuka Kazaxcran, r. AnMarer,

2AMAaTHHCKU# YHUBEPCHUTET SHEPTETHKU H CBSI3H,

Pecnyonmuka Kazaxcran, r. AnMarer,

3TopaiireipoB yHHBepcuTeT, Pecniybnuka Kaszaxcraw, . [TaBmonap;
“Kazaxckuit rocynapcteennblii yausepceutet umenn C. Ceiidymiaa,
Pecniyonuka Kazaxcran, . AcraHa.

IMoctynuno B pegaxnuto 08.04.25.

IToctynuno ¢ ucnpasienusmu 17.04.25.

IIpunsaro B neuars 03.06.25.
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BbIBOP HAUJIYYIIETO PEINEHUSA: CPABHUTEJIbHBIN
AHAJIN3 OBOPYJOBAHUSA ABTOMATU3ALIUN
N YITPABJIEHU A

C Ovicmpovim npoepeccom uHOYCMpUaIbHOU ABMOMAMUZAYUU U
UHCMPYMEHNO8 KOHMPOJISL CYUeCmayem O0Nbuloe KOTU4eCmeo O0CHYynHbIX
MEXHONO2UL, YMO 3HAYUMELLHO YCIONCHSEN NPOYECC NPUHSIMUSL PEeULeHUL
0 mom, kakue peuienus 0yoym Haubonee 3ppexmuenvimu. Ilockonvky
MAaK MHO20 PA3HbIX NPOU3800Umenel npediazarm maxk MHO20 Pa3iuyHbIX
6aApUANMO8, CpaABHeHUe MPYOHO, U CREYUATUCTNbL CIMAIKUBAIOMCS C
Heappexmusnocmoio u HeyoaunviMu uneecmuyusmu. Omcymemeue
Habawoaemo2o 06w enpuHaAmo20 memooa oyeHKu ycyeyonsem smy
cumyayuio, 0CoObeHHo 6 0bracmu dHepaull, NPoU3OOCMed U KOHMPONs
Kauecmea. B 0annom ucciedosanuu, ONUCAHHOM 8 Omueme, Mbl CDAGHUBAEM
cyujecmsyiowjue mexHono2uu asMoMamu3ayu U KOHMpPOIs U AHATUZUPYEM
HeKomopbule Klouegble NOKA3amenu dPHexmueHocmu u npeumywecmsd
018 pa3uynblx 6pendos. Hcnonvzyemcs KOMOUHUPOBAHHDLI MemOO
(unmezpayus KOIUHECMEEHHbIX U KAYeCMEEHHbIX OUHHbIX, NOLYYEHHbIX
U3 OPUSUHATILHO20 HAOOPA OAHHBIX U3 OMKPLIMbIX UCHOYHUKOB).
Ipeonazaemcs cmpyKmypupo8anHas Memooono2us 0Jisi OYeHKU peuleHull
agmomamuzayuy, NOOKpeniénHas Kamezopuzayueti u KoOuposanuem
MexXHUYeckux Cneyudurayuti aemomamusupo8aHHblX CpeoCcms.
Pezynvmamul, npedcmasnennvie epaguyecku 6 6uoe cpagHeHutl, NO380IsLI0OM
YemKo UOeHMUPUYUPOBams NPoOU3800UMenell, KOmopwvle nPedoCmasison
Haubonee (ynKyuonarvHvle, 6€30NACHbIE U BLICOKOMEXHOLO2UYHbIE
pewenus. Hccnedosanue a61s1emesi RONbIMKOU O3HAKOMUIND 3HAIOWUX
CREeYUAnNUCmos ompaciu, 3aKynyuKko8 U aOMUHUCMPAmopos8 ¢ makumu
Memooukamu 051 NOBbLUEeHU IPPeKMUBHOCMU, CHUNCEHUSL YeH U
VAVUUEHUs. cmpame2uil UHOYCMPUATbHOU A6MOMAMU3AYULU.

Knwouesvie crnosa: Ipomviwnennas asmomamuzayus, cucmembl
YIpagieHus, IHepeemuiecKas ompacib, MOOePHU3AYUS, NPUHSUE
peuwieHuli, 8b100p MexXHON02UU, A0ANMUBHAAL ABMOMAMU3AYUS,
9Hepeemu4ecKue CUCHembl.
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