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Abstract 

 

Production processes at technological enterprises often face many problems. One of the main problems is the failure of 

the mechanisms involved in the technological cycle, errors that occur during the operation of the system associated with 

data loss or incorrectly defined parameters, etc. 

To solve a limited number of problems arising at technological enterprises with automatic control, based on   KIAM 

Russian Academy of Sciences, the International Laboratory "Sensorika" with the assistance of partners, a complex to 

produce experimental products was created. This complex allows not only to produce test samples of innovative materials, 

but also, in turn, allows conducting research to improve the reliability of the technological process. In a fairly short period 

of time, our specialists have developed and implemented control systems for the manufacturing, sorting and transportation 

of products. 

The developed dispatching systems allow intelligent analysis by means of distributed control of multiple controllers 

integrated into a single data exchange network. Each of the controllers allows you to interrogate dozens of sensor devices 

responsible for the processes, collecting positioning data, engines speeds, temperature, and pressure in tanks, etc. The 

obtained data is analyzed and allow to organize feedback from that technological equipment, in which it is not possible 

to conduct a direct survey of the state. 

The use of the distributed control principles opens opportunities for maximum scalability of all production processes. 

Processes in which a person plays an important role are equipped with an adaptive interface, that opens the possibility to 

conduct logical analysis and remote monitoring, at a higher level to determine failure situations in conditions of a large 

range of products, manufactured according to experimental recipes.  

 

Keywords: Industry 4.0 concept; automation of technological processes; logical analysis; sensorics; PLC. 

 

 

1. Introduction 

When developing and creating industrial and civil complexes with an automated process control system, it is 

customary to use a standard architecture conditionally divided into three levels: information (upper level), control (middle 

level) and executive (lower level). Each of the levels differs from each other in the functions, performed in the system 
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architecture and is regulated by the normative document GOST standard 34.201-2020. The interaction between the levels 

takes place via fieldbus or local area networks. Often, when choosing the concept of building a system and architecture, 

it is impossible to conduct a complete examination of the condition of the executive elements of production equipment. 

Without receiving data related to the state of the actuators, mechanisms can fail, directly increasing the likelihood of 

defective products. 

To solve such problems based on KIAM Russian Academy of Sciences, the International Laboratory "Sensorika" with 

the assistance of partners, a complex to produce experimental products was created. During the development and creation 

of this complex, the approach of phased implementation and commissioning of production sectors was chosen. To date, 

the production complex includes: a suspension base preparation unit, a suspension synthesis unit, and a transport conveyor 

[1], [2],[3]. This complex allows not only to produce test samples and production of innovative materials, but also, in 

turn, allows conducting research to improve the reliability of the technological process. 

 

2. Suspension-base preparation unit  

 

The result of the study to improve the reliability of the technological process of suspension preparation was the 

development of special software, that allows you simultaneously monitor all control actions, coming from the operator, 

the technologist and has the control logic unit with the ability to analyze the presence of contradictions, thereby 

eliminating the occurrence of emergency[4],[5],[6] [7],[8],[9],[10]. 

 

  
 

Fig. 1. Test of the algorithm for logical analysis of the technological process of manufacturing 

and casting finished raw materials into molds. 

 

The software interface of the implemented program was created in the Delphi integrated development environment. 

The software, after analyzing based on the logic of branching time, visually displays more rational options for the 

implementation of the technological process, to achieve maximum efficiency of the selected recipe. Figure 2 shows the 

result of the logical analysis of the technological process by the system - interface displays in real time the operation 

process in the PLC (programmable logic controller), according to the specified parameters [11],[12],[13]. In that case, we 

find the optimal solution of the problem of filling the steam generator has been determined: it was necessary to control 

the corresponding valves. 

 

 
 

 

Fig. 2. Visualization of the algorithm for logical analysis of the technological process  
 

W
or

kin
g P

ap
er

 of
 33

rd
 D

AA
AM

 S
ym

po
siu

m



33RD DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION 

 

 
 

of manufacturing and casting of the finished raw materials into molds. 

 

3. Suspension synthesis unit  

This year, a new suspension synthesis plant started the operations. Several studies were conducted to determine the 

critical conditions of the equipment. As the result of research, we’ve developed an appropriate system architecture and 

assembled the electronic rack-box for sensors monitoring and control of power units up to 22 kW (Figure 3). 

 

 

 

Fig. 3. Montage and testing of the electronic rack-box for monitoring and control of power units. 

 

The conducted studies of power units have shown that the main reason for the failure of power units is the jamming 

of moving parts during operation, which leads to a complete shutdown of the system and the failure of several engines 

[14],[15],[16],[17]. The way out of this situation was to modernize the some working elements of the engines, inject 

sensors, because of it, became possible to control the engine speed and compare them with the reference ones for the 

corresponding unit. Thus, when the parameters deviate from the nominal ones, the system analyzes, shows what happened, 

and generates signals about it. 

At large production facilities a vibration monitoring system for aggregates was used for the same purpose, but the 

accuracy of the measured parameters, in this way, was not optimally accurate and can lead to a false alarm, when working 

near the power unit. Figure 3 (on the right) shows the testing of a system with a connected power unit standing next to it 

[18],[19]. Also, the result of receiving feedback from power units was the ability to control the volume of bulk additives 

using indirect data with an accuracy of up to a hundred grams without using additional weighing equipment, i.e., by 

receiving readings from a single actuator and performing calculations from temperature, pressure, etc. The use of such 

sensors, make possible to evaluate the concentrations and properties of the suspension without resorting to chemical 

analyses of specialized laboratories. 

 

4. Transport conveyor 

 

To date, a transport conveyor is being prepared for launching into test operation. Engine control algorithms (about 

100 units) are being investigated in accordance with the law of trapezoidal change of speed [20],[21],[22]. Due to the 

need to consider many different parameters of mobile trolleys/platforms on conveyor rails (loading, wear of drive parts, 

etc.), it is necessary to pay special attention to the calculations of the moments of approach to the acceleration and braking 

sections to maintain a constant speed, as well as a smooth stop and start of movement. Earlier, we developed a 

corresponding application package with a simulation model of the process and integrated it into the system. Thanks to 

this package, it becomes possible to analyze the state of each mechatronic modules in the complex and adjust of the 

production scenarios. In addition, a line of executive consoles has been assembled for testing the movement of 

trolleys/platforms in real production conditions (Figure 4). 
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The upper level of visualization of the entire complex is based on the generally accepted SCADA system interface for 

industrial enterprises. The SCADA system includes a set of control settings for selecting recipes and making changes to 

them [23],[24],[25]. The operator could control part of the actuators, depending on the state of the technological process. 

Each keystroke requires confirmation, and an event log is kept not only of the use of the operator’s interface, but also all 

control posts on the territory of the industrial cluster. The use of the event logs of the state of equipment and actuators, as 

well as the presence of a video surveillance system, play one of the main roles in the industrial safety of the enterprise 

[26],[27],[28],[29]. The administrative staff has remote access to the video surveillance system and the enterprise 

monitoring system, using the cloud services implemented at the enterprise, Figure 5 [30],[31],[32],[33]. 

 
 

Fig. 5. Interface of the system for industrial production monitoring and control. 

 

5. Conclusion 

 

The created software and hardware implement typical processes, that take place in a significant part of the control 

systems of smart factories, built based on the concept of Industry 4.0. Thus, the data obtained from the implemented 

software and hardware are a good example of creating a technological base, a constructive approach to the organization 

of intelligent industries and other similar industrial applications. The system in automatic mode successfully calculates 

the results of the control algorithms and issues recommendations to the operator and technologist, based on which the 

automated process can work flawlessly and produce high-quality products. 

  
 

Fig. 4.  Remote control for testing of industrial vehicles motion 
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Further horizons of planning the development of the system consist in the complete exclusion of a person from the 

production cycle of production. The main idea is a web interface on the consumer side, where a potential buyer can 

configure the required number of products himself, as well as make his wishes, the logical analysis system will adjust the 

production process itself. At the exit, you can get a finished product, packaged and ready for further transportation. 

 

6. References 

 

[1] Aryskin, A[leksander] A[.]; Bogdanovich, A[lena]; Davydov, O[leg]; Khelemendik, R[oman]; Petrakov, M[axim] 

&Pryanichnikov, V[alentin] (2019). Control and Interaction Algorithms for Industrial and Service Robots, Chapter 

33 in DAAAM International Scientific Book 2019, pp.377-384, B. Katalinic (Ed.), Published by DAAAM 

International, ISBN 978-3- 902734-24-2, ISSN 1726-9687, Vienna, Austria DOI: 10.2507/daaam.scibook.2019.33  

[2] Pryanichnikov V. E., Chernyshev V. V., Arakantsev V. V., Aryskin A. A., Ksenzenko , A. Ya., Petrakov M. S., 

Treveskyn A. S., Eprikov S. R. / / Intelligent adaptive robots (Special issue of the journal - Information-measuring 

and control systems, vol. 16, no. 12), Moscow: Radiotechnika, vol. 14, no. 1-2, 2019, ISSN 2070-0814, pp. 49-56, 

DOI 10.18127 / j20700814-201812-05 

[3] The principle and methodological foundations of constructing software systems for logical control of technological 

equipment: abstract dis. doctor of technical Sciences: 05.13.06 / Nezhmetdinov Ramil Amirovich; [place of defense: 

MSTU "STANKIN"].  Moscow, 2020, 39 p. (in Russian). 

[4] GOST R IEC 61131-3-2016 programmable Controllers. Part 3. Programming languages (IEC 61131-3: 2013, IDT). 

– M.: STANDARTINFORM, 2016, 230 p. (in Russian). 

[5] GOST R IEC 61508-1-2007 Functional safety of electrical, electronic, programmable electronic systems related to 

safety.:STANDARTINFORM, 2008, 58 p. (in Russian). 

[6] GOST 27.301-95. Reliability in technology. Calculation of reliability. Basic provisions-Moscow: 

publishinghouseofstandards, 1995-19 p. 

[7] GOST 27.310-95. Reliability in technology. Analysis of the types, consequences, and criticality of failures. Basic 

provisions-Moscow: publishinghouseofstandards, 1997g7.– 12 p. 

[8] GOST 26.013-81. Measuring and automation tools. Electrical signals with a discrete change of parameters input and 

output. - M.: Standardinform, -7 pages. 

[9] GOST 15971-90 System of information processing. Terms and definitions. Moscow: publishing house of standards, 

1990, 14 p. 

[10] RD 03-418-01. Guidelines for conducting risk analysis of hazardous production facilities. Normative documents 

of Gosgortehnadzor of Russia-Moscow: publishing house of standards, 2001-10 p. 

[11] Aryskin A.A., KsenzenkoA.Ya., MarzanovYu.S., Prysev E.A., Pryanichnikov V.E., Khelemendik R.V., Eprikov 

S. R. Industrial automation with remote access and automatic resolution of logical contradictions for Industry 4.0, 

ekstremal'najarobototekhnika [Extreme robotics]. // Collection of abstracts of the International scientific and technical 

conference. - Saint Petersburg: Publishing and printing complex "Gangut", 2017. - 272 p., With.190-193.    URL: 

http://er.rtc.ru/images/docs/Sbornik_tezisov_ER_2017.pdf 

[12] Khelemendik R. V. (2000). Applications of linear and branching time logics. Algorithm for testing satisfiability// 

Bulletin of the Nizhny Novgorod state University. Mathematical modeling and optimal control. Nizhny Novgorod: 

Publishing house of the Nizhny Novgorod University, 2000, Vol. 1 (22), Pp. 176-191. 

[13] Khelemendik R.V. (2006). An algorithm for determining satisfiability formulae of computation tree logic and an 

effective algorithm for constructing derivations of valid formulas from axioms. Mathematical Issues of Cybernetics, 

no. 15, A collection of papers, ed. by O.B.Lupanov. Moscow: Fizmatlit, 2006, pp. 217-266. 

[14] Aryskin A.A., Kozak N.V. Construction of components of a distributed control system based on a single-Board 

raspberry PI2 computer. Materials of the student scientific and practical conference "automation and information 

technologies (AIT-2016)". First round. Collection ofreports, Moscow: MSTU STANKIN, 2016. 

[15] Aryskin A.A., Kozak N.V. Building a development environment applications of automation single board 

computers. Materials of the student scientific and practical conference "automation and information technologies 

(AIT-2015)". First round. Collection ofreports, Moscow: MSTU STANKIN, 2015, Pp. 18-21.  

[16] Pryanichnikov V.E., Aryskin A.A., Eprikov S.R., Kirsanov K.B., Khelemendik R.V., KsenzenkoA.Ya., Prysev 

E.A., Travushkin A. S. (2017). Technology of Multi-Agent Control for Industrial Automation with Logical Processing 

of Contradictions // Proceedings of the 28th DAAAM International Symposium, 2017. — DAAAM International, 

Vienna, Austria, 2017. — P.1202-1207. DOI: 10.2507/28th.daaam.proceedings.167. 

[17] V.E.Pryanichnikov, A.Ya.Ksenzenko, S.V.Kuvshinov, Yu.S.Marzanov, Yu.V.Poduraev, E.A.Pryses, 

R.V.Khelemendik, A.A.Ariskin, O.O.Belyaev, P.A.Bryzgalov, D.V.Davydov, D.A.Kuzovkin, P.F.Pletenev, 

S.R.Eprikov. The developmentof a networkofrobotariumand mobile robots "Amur" for innovative learning intelligent 

robotronica. С.141-148. // Proceedings of the International multiconference of Network partnership in science, 

industry and education. Saint Petersburg, Russia 4-6 July 2016. "Politehnika-Service", 2016, Peter the Great Saint 

Petersburg Polytechnic University, 2016. ISBN 978-5-906841-54-4. 

[18] Aryskin, A[lexander]; Grigorev, A[leksei]; Khelemendik, R[oman]; Petrakov, M[axim]; Pryanichnikov, 

V[alentin] & Tarasov, R[adomir] (2020). System for Monitoring and Control in Industrial Technological Processes, 

Proceedings of the 31st DAAAM International Symposium, pp.0644-0649, B. Katalinic (Ed.), Published by DAAAM 

W
or

kin
g P

ap
er

 of
 33

rd
 D

AA
AM

 S
ym

po
siu

m

http://er.rtc.ru/images/docs/Sbornik_tezisov_ER_2017.pdf


33RD DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION 

 

 
 

International, ISBN 978-3-902734-29-7, ISSN 1726-9679, Vienna, Austria DOI: 

10.2507/31st.daaam.proceedings.089. 

[19] Aryskin, A[lexander]; Grigoriev, A[leksey]; Petrakov, M[axim]; Pryanichnikov, V[alentin]; Travushkina, 

A[nastasia] & Travushkin, A[leksandr] (2021). Industry 4 0 - Automation in the Conditions of Reconfiguration of 

Production Lines, Proceedings of the 32nd DAAAM International Symposium, pp.0660-0665, B. Katalinic (Ed.), 

Published by DAAAM International, ISBN 978-3-902734-33-4, ISSN 1726-9679, Vienna, Austria DOI: 

10.2507/32nd.daaam.proceedings.093. 

[20] The official Russian-language site of the company "CoDeSys" [electronic resource]: the Official Russian-language 

site of the company "CoDeSys" - access Mode: http://www.codesys.ru/ (accessed 01.01.2020). 

[21] The official website of the software product CoDeSys of the company 3S-Smart Software Solution GmbH 

[electronic resource]: the official website of the software product CoDeSys of the company 3S-Smart Software 

Solution GmbH-access Mode: https://www.codesys.com/(accessed 01.01.2020). 

[22] Official site of the company "ARIES" [electronic resource]: Official site of the company "ARIES" - access Mode: 

http://www.owen.ru/(accessed 10.01.2020) 

[23] N. V. Gusev, S.V.Lyapushkin, M. V. Kovalenko Automation of technological complexes and systems in industry: 

a textbook / N. V. Gusev, S. V.Lyapushkin, M. V. Kovalenko; Tomsk Polytechnic University. – Tomsk: Publishing 

house of Tomsk Polytechnic University, 2011 – p. 198 

[24] Denisenko V.V. Computer control of technological process, experiment, equipment / V. V. Denisenko, Moscow: 

Hotline-Telecom, 2009. -608 p. 47. 

[25] Denisenko V.V. Computer control of technological process, experiment, equipment / V. V. Denisenko, Textbook.  

Stavropol: AGRUS publ., 2009. 100 p. 48. 

[26] Minaev, I. G. Programmable logic controllers. Practical guide for a novice engineer / I. G. Minaev, V. V. 

Samoylenko-Stavropol: AGRUS, 2009. - 100 p. 

[27] Official site of the company "Siemens" [electronic resource]: Official site of the company "Siemens" - access 

Mode: https://www.siemens.com/global/en/home.html(accessed 08.12.2019). 

[28] Official site of the company "National Instruments" [electronic resource]: Official site of the company "National 

Instruments" - access Mode: http://www.ni.com/ru-ru.html(accessed 07.12.2019). 

[29] The official Russian-language site of the software product ISaGRAF of Rockwell Automation [electronic 

resource]: the Official Russian-language site of the software product ISaGRAF of Rockwell Automation-access Mode: 

http://www.isagraf.ru/(accessed 10.01.2020). 

[30] Official portal of the Modbusdevelopers Association [electronic resource]: Official portal of the 

Modbusdevelopers Association-access Mode: http://www.modbus.org/(accessed 07.12.2019). 

[31] Poduraev Yu. V. Fundamentals of mechatronics / Yu. V.Poduraev, M.: IC MSTU "Stankin", 2000. -103 p.  

[32] Egorov O. D., Poduraev Y. V., Bubnov M. A. Robotic mechatronic systems / O. D. Egorov, Yu. V. Poduraev, M. 

A. Bubnov, M.: MSTU "STANKIN”, 2016. - 326 p. (in Russian). 

[33] Pryanichnikov V. E. The Combination of ultrasonic data filtering and linear drive software control / Pryanichnikov 

V. E.// Devices+automation. -2008. - №12, 22-29-c. 
 

W
or

kin
g P

ap
er

 of
 33

rd
 D

AA
AM

 S
ym

po
siu

m

https://www.codesys.com/
http://www.owen.ru/
https://www.siemens.com/global/en/home.html
http://www.ni.com/ru-ru.html
http://www.isagraf.ru/
http://www.modbus.org/

