TexHiuHi HayKu ISSN 2307-5732

DOI10.31891/2307-5732-2024-331-49
VJIK 621.3.011
BUKOVSKY OLEG

National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute"
e-mail: olbukovskiy@gmail.com

VYSLOUKH SERGEI
National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute"
https://orcid.org/0000-0002-2204-2602

e-mail: vspl@ukr.net

AUTOMATION OF THE PROCESS OF MONITORING THE PARAMETERS OF
INTERBLOCK ELECTRICAL CONNECTIONS

The utilization of traditional automated systems and industrial robots is typically restricted to environments that are
well-structured. These systems often lack the ability to effectively handle complexity and uncertainty, resulting in limited
adaptability. As a result, their application in small and medium-sized enterprises is constrained. The automated system for
monitoring the parameters of interconnection connections based on adaptive algorithms is an innovative approach aimed at
improving the productivity of production and reliability of cable and wire products. Within the framework of this work, an analysis
of the existing methods for monitoring the parameters of interblock electrical connections was carried out, which made it possible
to identify their features and shortcomings. This analysis highlighted the need to develop new approaches to control these
parameters using adaptive algorithms.

In the context of this problem, the use of adaptive algorithms provides the system with the ability to minimize the error
rate of signal reproduction. This helps to increase the accuracy and reliability of the control process, as the system is able to
respond to unforeseen situations and correct its work in real time. In addition, the key element of this work is the development of
a block diagram of a modular type of control system. This scheme provides flexibility and scalability of the solution, since each
module of the system is responsible for a specific aspect of controlling the parameters of interconnection connections. This
approach simplifies the management and maintenance of the system, as well as makes it more accessible for implementation in a
variety of industries.

The results of this study testify to the relevance of the problem of controlling the parameters of interblock electrical
connections and confirm the prospects of using an automated control system with adaptive algorithms. The use of such a system
can significantly increase the productivity of production and reliability of products used in the fields of instrumentation and
mechanical engineering.

Keywords: interblock electrical connections, parameter control, pulse and combined control methods, continuous control
methods, automated control system, adaptive algorithms.

BYKOBCBKMIA OJIET, BUCJIOVX CEPI'TI

Hauionaneuuii TexHiunuid yHiBepcuteT Ykpainu "KuiBchbKuii moniTexHiyHui iHCTUTYT iMeHi Iropst Cikopepkoro"
ABTOMATHU3AIIA TIPOUECY MOHITOPUHI'Y TAPAMETPIB MI’KBJIOYHUX EJIEKTPUYHUX 3'€JHAHb

Buxopucmanus mpaduyiiinux agmomamuso8anux cucmem i RPOMUCIOBUX POOOMIE 3a36Uail 00MeHCyeEMbCs 000pe CMPYKMYpPOBAHUM
cepedosuyem. L{um cucmemam wacmo ne gucmavae 30amHocmi eghpeKmueHO CRPAGIAMUCS 31 CKIAOHICIIO MA HeGU3HAYEHICIO, WO NPU3600UNb
00 obmedicenoi adanmuerocmi. AK HACTIOOK, IX 3aCMOCY8AHHA HA MANUX | CepeOHIX niOnpuemcmeax oomediceHe. A8momamuzoeana cucmema
MOHIMOPUHEY NAPAMEMPI8 MIHCCUCMEMHUX 3 EOHAHb HA OCHOBI AOANMUBHUX AN2OPUMMIE € IHHOBAYIIHUM NIOXOOOM, CNPAMOBAHUM HA NIOBUUEHHS
NPOOYKMUBHOCMI 8UpOOHUYMBA MAa HAOTIHOCMI KaberbHO-NPOGIOHUK080I npodykyii. B pamxax oanoi pobomu npogedeno ananiz icHyouux
Memooi8 KOHMPONO NApamempie MincOIOYHUX eNeKMPUYHUX 3 €OHAHb, WO 003601UN0 BUABUMU IX ocobausocmi ma Hedonriku. Lleti ananis
niokpecnug HeoOXiOHicmb pO3POOKU HOBUX NIOX00I6 00 KePYBAHHS YUMU NAPAMEMPAMU 3d OONOMO20I0 AOANIMUSHUX AI2OPUNMIE.

V' konmexcmi danoi npobremu 6UKOpUCMAHHA AOANMUGHUX ANCOPUMMIE 3a0e3neuye cucmemi MOICIUGICIb MIHIMIZayii uacmomu
noMunoK eiomeopenHs cuenany. Lle cnpuse niosuwennio mouHocmi ma HaodiliHOCMI NPOYeCy KOHMPOIO, OCKIIbKU CUCeMa 30amHa peazyéamu
Ha HenepedbaueHi cumyayii ma Kopuzysamu ceoio pooomy 6 pexcumi peaibrozo uacy. Kpim moeo, knouosum eiremenmom 0anoi pobomu €
PO3pOOKa cmpyKkmypHoi cxemu cucmemu ynpasninus mooynvro2o muny. Taxa cxema 3abesneuye eHyukicmv i Macuimab08aHicms piuleHHs,
OCKIIbKU KOJCEH MOOYIb CUCEMU 8I0N08I0AE 3a OKpeMUll acneKm KOHMPOJI0 NApamempis MixccucmemMHux 3 €oHans. Taxuil nioxio cnpougye
VAPABIIHHA Ma 00CTY208Y8AHHS CUCIEMI, d MAKOXHC poOUms ii Oibll AOCMYNHOIO OJ5l BNPOBAONCEHHS 6 DISHOMAHIMHUX 2ATLY35X.

Pesynbmamu 0ocniosxcenns ceiouams npo akmyaibHicmy npoodnemu KepysanHs napamempamu Minco104Hux efeKmpusHux 36 s3Kie ma
niOMEEpOACYIOMs NePCNeKMUBHICIb GUKOPUCIAHHS ABMOMAMU308AHOI CUCIEMU KePYBAHHS 3 A0ANMUSHUMU ANOPUMMAMU. 3ACMOCYB8AHHS
maxoi cucmemu 00380J51€ iCMOMHO NIOBUWUMU NPOOYKMUBHICIb BUPOOHUYMEA | HAOIIHICMb NPOOYKYIL, WO SUKOPUCHIOBYEMBCA 6 2ANY3AX
npunadodyoysants i Mauiuno0yO0yeanHs.

Knuiouosi cnoea: misc6nouni enekmpuyni 36’513k, KOHMPOIb NAPAMEMpPIS, IMRYIbCHUU Ma KOMOIHOGAHUL MEmoou KepyeamHs,
be3snepepeHi MemoOu Kepy6aHHs, A8MOMAMU306aHa CUCEMA KepyBAHHs, AOANMUBHI AN2OPUMMU.

Statement of the problem

Since all methods of control of interblock electrical connections are based on the measurement of currents
and voltages, the most general classification feature can be called the degree of their automation. In accordance with
this feature, all methods of control of interblock electrical connections can be divided into manual and automated.
Such a division characterizes not only the share of human participation in the measurement process, but also the means
by which the control of interblock electrical connections can be carried out.

The analysis of the structural and technological characteristics and prospects for the development of structural
modules of systems for monitoring the parameters of interblock electrical connections showed that a comprehensive
solution to the problems of their design and production is possible only on the basis of the development and
implementation of methods and means of mathematical synthesis [1]. However, not enough attention was paid to the

BicHuk XmenbHUYybko20 HayioHa1bHo20 yHigepcumemy, Ne1, 2024 (331) 325


mailto:olbukovskiy@gmail.com
https://orcid.org/0000-0002-2204-2602
mailto:vsp1@ukr.net

Technical sciences ISSN 2307-5732

systematic study and development of this urgent task, which is confirmed by a small number of publications on this
topic, so this study is devoted to the automation of the process of controlling the parameters of interblock electrical
connections based on adaptive algorithms.

Manual methods of control of interblock electrical connections imply, first of all, manual control of the
sources of measuring signals, as well as manual registration of reviews of the device under study, and may differ from
each other in the nature of the applied influences. Methods of this type are the least effective in terms of self-heating
and the duration of the measurement process [1].

In automated methods of monitoring interconnect electrical connections, the performance of some labor-
intensive operations (such as the supply of measuring actions or the registration of device responses) is carried out
automatically using special hardware. Various devices and devices can be used as hardware to automate the process
of monitoring interblock electrical connections.

Analysis of recent sources

In the modern production of cable and wire products, the automation of the processes of controlling its
parameters is of great importance. Separate scientific papers [1] and [2] are devoted to the general issues of control of
the parameters of interblock electrical connections. In this context, it is important to consider the possibilities and
benefits of using adaptive algorithms in automated control systems.

The authors of the papers [3—6] investigated the automation of the process of testing electrical interconnection
connections. They looked at the possibilities of using robots and automated systems and described in some detail the
developed systems and testing methodology, which can be useful for production processes. A possible prospect for
further research is the use of adaptive algorithms [7]. This will enable the automated control system to respond to the
variability of cable properties that may arise during pilot production.

Studies [8, 9] have contributed to solving the problems of error protection in insulation resistance control
systems. They noted the importance of checking the key parameters of cable products.

The paper [10] is devoted to the study of adaptive control of computer networks based on fuzzy logic. This
approach can be useful for the development of systems for monitoring the parameters of interblock electrical
connections using adaptive algorithms.

The results of these studies indicate the need for further improvement of existing solutions and focus on the
importance of developing an automated control system, which will significantly reduce the time spent on the control
process and will mean an increase in productivity, as well as the reliability of the products themselves due to the partial
elimination of the influence of the human factor on the production process. This can be achieved by using adaptive
algorithms in the creation of an automated system for monitoring the parameters of interblock electrical connections.

The aim of the article is to analyze the existing methods of control of interblock electrical connections, to
establish their advantages and disadvantages, as well as to develop an appropriate automated control system with the
justified use of adaptive algorithms in them and, on this basis, to develop a block diagram of an automated system of
modular type, to describe its main components and general principles of operation.

In accordance with the set goal, a number of goals are defined to be implemented in this article:

— to review the existing methods of control of interblock electrical connections, to carry out a detailed
analysis of each of the methods, to consider their advantages and disadvantages;

— to determine the advantages of using adaptive algorithms and to justify the need to develop an appropriate
automated control system with their application;

— to develop a block diagram of the modular type of the system, to highlight its main components and the
general principle of operation.

Statement of the main material

Automated methods of control of interblock electrical connections are implemented by various measuring
systems, the capabilities of which are limited only by the capabilities of the element base of their hardware. However,
the efficiency of these systems largely depends on the nature of the measuring influences applied to the device in the
process of monitoring interblock electrical connections. Therefore, an important classification feature of control methods
is the nature of influences, according to which they can be divided into continuous, impulse and combined [2].

Continuous methods: the device is sequentially supplied with time-permanent measuring effects with a
gradually changing amplitude [3]. Depending on the type of device tested and the means of control of interconnect
electrical connections used, the form of such influences may differ.

Most often, among the continuous methods of monitoring interblock electrical connections, the method with
a stepwise variable amplitude of measuring influences is used (Figs. 1a and 1b). In this case, as a rule, digital hardware
is used, and measurements of interconnect electrical connections are carried out by various computer systems.

An example of continuous methods for monitoring interblock electrical connections is the so-called
oscillographic method, where an analog oscillator or special attachments to oscilloscopes are used as a source of
measuring effects to take a series of characteristics [4]. In this case, the nature of the measuring effects may have a
sinusoidal form (Fig. 1c).

The main disadvantage of continuous methods of monitoring interblock electrical connections is that during
the measurement process, current constantly flows through the device under study, and its amplitude can increase.
This leads to the accumulation of heat in the structure of the tested device, which causes distortion of the control of
interblock electrical connections and the occurrence of a methodical measurement error. This error will be the largest
when testing power devices, as well as when repeatedly checking the characteristics of the same device. In addition,
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when using continuous methods of monitoring interblock electrical connections, the influence of the effect of current
carrier capture on the measurement results increases [5].
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Fig. 1. Forms of measuring influences applied to the device by continuous methods of control of interblock electrical connections

Pulse methods: when controlling interblock electrical connections, a sequence of measuring pulses of
different amplitudes is applied to the device, in the pauses between which there are no electrical effects on the device
[6]. Monitoring of interconnect electrical connections is carried out by recording the response of the tested device
during the action of each pulse. Due to the fact that the current flows through the device under study only at the
moments of action of measuring pulses, both the total heating of the device and the effect of the media capture effect
in the device are reduced in comparison with continuous methods.

The most common method is that a sequence of rectangular measuring pulses with an increasing amplitude is
applied to the device. At the same time, the duration of pulses and pauses between them remains constant (Fig. 2a) [4].
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Fig. 2. Forms of measuring influences applied to the device by pulse methods of control of interblock electrical connections

A modification of the described method is the method of control of interblock electrical connections,
according to which the amplitude of pulses in the process of voltage measurement varies randomly within the user-
defined range (Fig. 2b). This method is used for experimental selection of parameters of impulse influences.

Pulse methods, as well as continuous methods, are used in testing devices whose interblock electrical
connections have areas with negative differential resistance. In this case, each measuring pulse is preceded by the
opening of a pulse of greater amplitude (Fig. 2¢).

The pulse method of control of interblock electrical connections is also used in specialized set-top boxes that
allow measuring and observing on the oscilloscope screen a series of indicators obtained using pulse modulation of
the signal (Fig. 2d).

Pulse methods of control of interblock electrical connections are widespread and are implemented, as a rule,
by high-speed computer systems.

Combined methods: from the point of view of influencing the self-heating, the studied interconnect electrical
connections are intermediate relative to continuous and pulse ones, since the measurement process is carried out at a
temperature determined by the value of the constant component of the influencing signal [7]. Similar to pulse
measurement methods, the effectiveness of combined measurement methods significantly depends on the choice of
parameters of the measuring pulse sequence, as well as the degree of their compliance with the individual properties
of the device under study.

One example of the use of combined methods is the function of measuring two parameters, one of which
varies and the other remains constant. For example, when measuring the characteristics of a cable (Fig. 3), influential
signals are applied to its inputs, which can change over time (signal 4,)), or remain constant (signal A, ). The output
signals, in turn, can be pulses with variable amplitude.
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Fig. 3. Form of measuring influences for taking a series of initial characteristics by the combined method
The need for such measurement methods is due to the effect of the current carrier capture effect on the
characteristics of the device. The degree of this effect is proportional to the magnitude of the constant electrical signal

affecting the device, so the characteristics of the same device in different modes of its operation may differ [8, 9].
Accordingly, the parameters measured in one mode of operation of the device may not accurately characterize its

BicHuk XmenbHUYybko20 HayioHa1bHo20 yHigepcumemy, Ne1, 2024 (331) 327



Technical sciences ISSN 2307-5732

operation in another mode as part of any other device. Therefore, in the context of monitoring inter-unit electrical
connections, the most accurate will be the mode of operation of the device in which it will work in the final device.
For this reason, combined measurement methods with a resting point are used. In this case, a constant shift of influence
makes it possible to maintain the intensity of media capture in the structure of the device at a given level, and short
measuring pulses — to achieve less self-heating of the device compared to continuous methods.

To filter signal interference and analyze parameters, it is advisable to use filters based on the recursive
adaptive least-squares algorithm. In the case of a signal received, one or more implementations of this process must
be processed. To do this, you need to find the filter coefficients W, which minimize the error rate (1) of signal
reproduction [10].

Jw) = ZL§  le(®]* > min. (1)

If you continue the matrix recording f -coordinates, then we get the formulas for the column vector of the
output signal a (2) and input reproduction errors e (3) [10].

a=UTw )

e=m-—UTw, 3)

where m— vector-column of sampling signal counts; U = [u(0), u(1),...u(T-1)] — is a matrix whose columns
display the contents of the delay line at different cycles.

The error rate expression (1) can be rewritten with the representation @ in matrix form

J(w) =eTe - min. 4)
Substituting (2) and (3) for (4), we get (5)
J(w) = (m-UTw)T(m-UTw) = m"m- wTUm- m"UTw + wUUTw. (5)

To determine the minimum value of the objective function, it is necessary to calculate the gradient of this

function and equate the resulting value to zero (6).
grad](w) = -2Um + 20UTw = 0, (6)

Thus, the optimal solution is:

w = (UUT)Um, @)

In the process of receiving the signal, the filter coefficients can be directly calculated according to equation
(7) at each subsequent step. At the same time, the size of the matrix Ucontinues to increase, and the inverse of the
matrix (UUT)~! must be recalculated each time. However, the cost of calculations can be reduced when you consider
that each step only requires adding a new column to the matrix U and a new element to the vector 71 so that the value
can be computed recursively. The use of an adaptive least-squares algorithm will provide the ability to obtain useful
signals in the process of monitoring the connection with almost no distortion [10, 11].

Based on the results of the analysis of the state of control of the parameters of interblock electrical
connections, the task was set to create a system that will automate the control process. This will significantly save
time spent on manual control operations, which will increase the productivity of work, as well as the reliability of the
products themselves due to the partial elimination of the influence of the human factor on the production process.

An automated system for monitoring the parameters of interblock electrical connections based on adaptive
algorithms, based on the use of a combined method with mathematical processing of measurement results, is proposed.
The general structural diagram of the system is presented in Fig. 4.
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Fig. 4. General block diagram of the system for monitoring the parameters of interblock electrical connections
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The structural diagram of the automated control system is built on a modular principle and consists of a set
of interconnected blocks.

The transceiver channel (Block No. 1) includes an upgraded transceiver, a power supply, an analog-to-digital
converter (ADC1), a control and synthesis unit (CSU1), which includes a subunit of a software-controlled digital
synthesizer, a microprocessor subunit of control and a subunit of a highly stable reference generator.

The second receiving channel (Block No. 2) consists of an upgraded receiver, an AC adapter, an analog-to-
digital converter (ADC2), a control and synthesis unit (CSU2), which includes subunits of a software-controlled digital
synthesizer, a microprocessor control and a highly stable reference generator.

These two blocks receive information, convert it from analog to digital form, and then process and control it
using control and synthesis blocks. After that, the information is transmitted to a personal computer (Block No. 3),
which is used to process the data obtained, analyze the results of control and make decisions on this basis.

The automated system also includes an uninterruptible power supply (Block No. 4), which provides stable
power supply to all units of the system to avoid data loss or malfunctions in the event of power outages, as well as a
GPS receiver (Block No. 5) and a converter (Block No. 6) to receive and convert signals from the global positioning
system.

The process of monitoring the parameters of interblock electrical connections involves the use of specialized
software, which is implemented using adaptive algorithms, which will provide the ability to analyze and control the
characteristics of cable and wire products in real time.

Conclusions

As a result of the analysis of methods for controlling the parameters of interblock electrical connections, their
shortcomings and features of use have been determined. The necessity of developing an appropriate automated control
system based on the use of adaptive algorithms has been substantiated.

The paper proposes a structural diagram of an automated system that has a modular principle of construction.
This makes it possible to further improve it on the basis of advanced technologies of electronic components, adaptive
interference reduction and distortion correction in the radio channel, as well as improvement of data channel control
flows. Developments in the first two areas will provide increased reliability and signal processing, and advances in
the third direction, which is of exceptional importance for the network, will give it additional flexibility and
survivability.

The use of an automated parameter control system will increase the productivity of the manufacturing process
and the reliability of electronic products.
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