
Міністерство освіти і науки України 

Харківський національний університет радіоелектроніки 

кафедра комп’ютерно-інтегрованих технологій, автоматизації, робототехніки та 

безпекової інженерії (КІТАРБІ) 

 

 

 

МАТЕРІАЛИ  

 

ІІІ Всеукраїнської конференції  

«Комп’ютерно-інтегрованих технологій, автоматизації та робототехніки» 

(Computer-integrated technologies, automation and robotics)  

CITAR`26 

14-15 травня 2026 

 

 

[електронне видання] 

 

 

Харків 2026 



   

 

 

 

«Computer-integrated technologies, automation and robotics»  

CITAR-2026 

 

 

2 

УДК: 005:004.896:62-65:338.3 

 

 

 

Комп’ютерно-інтегрованих технологій, автоматизації та робототехніки 2026: матеріали III -ої 

Всеукраїнськой конференції, Харків, 14-15 травня 2026.: тези доповідей / [редкол. І.Ш. 

Невлюдов (відповідальний редактор)].-Харків: [електронний друк], 2026. – 97 с.  

 

У збірник включені тези доповідей, які присвячені сучасним автоматизованим технологіям 

Industry 4.0 та їх впровадження; інформаційні управляючі системи технологічного 

призначення; математичні методи в системах автоматизації; розробка та програмування в 

робототехніці; штучний інтелект та машинне навчання в автоматизації; інтеграція технологій 

у виробництві та промисловості; сенсорні технології та взаємодія людини з роботами в 

Industry 5.0; ефективність використання роботизованих систем у виробництві; етика та правові 

аспекти в робототехніці; Інтернет речей та Інтегровані системи в комп’ютерно-інтегрованих 

технологіях, автоматизації та робототехніки; технологічні виклики та інновації у світі 

робототехніки. 

 

Редакційна колегія: І.Ш. Невлюдов, В.В. Євсєєв.  

 

 

 

 

 

 

Computer-integrated technologies, automation and robotics 2026: Proceedings of III st All-Ukrainian 

Conference, Kharkiv, May 14-15, 2026: Thesises of Reports / [Ed. I.Sh. Nevlyudov (chief editor).] .- 

Kharkiv .: [electronic version], 2026. - 97 p. 

 

The collection includes abstracts devoted to modern automated technologies of Industry 4.0 and their 

implementation; information control systems for technological purposes; mathematical methods in 

automation systems; development and programming in robotics; artificial intelligence and machine 

learning in automation; integration of technologies in production and industry; sensor technologies 

and human interaction with robots in Industry 5.0; efficiency of using robotic systems in production; 

ethics and legal aspects in robotics; Internet of Things. 

 

Editorial board: Igor.Sh. Nevludov, Vladyslav.V. Yevsieiev 

 

 

 

 

 

 

 

 


© Кафедра комп’ютерно-інтегрованих технологій, автоматизації, 

робототехніки та безпекової інженерії (КІТАРБІ), ХНУРЕ,2026 



   

 

 

 

«Computer-integrated technologies, automation and robotics»  

CITAR-2026 

 

 

4 

 ЗМІСТ 

 

А. S. Andreiev, S. V. Sotnik  

Methods for improving the energy efficiency of small language models for autonomous 

robotics ……………………………………………………………………………………….. 6 

Y. Floru, S. Sotnik 

Robotic process automation and integration systems for smbs: priority processes and 

software comparison …………………………………………………………………………. 11 

N. Panchenko, S. Sotnik 

Automation of thermofixation in the production of reflective clothing (reflective DTF) ……. 16 

Elgun Jabrayilzade 

Adaptive neural PID controllers in modeling and control of collaborative robots: analysis, 

comparison and application recommendations ………………………………………………. 21 

M. Vorobyov, S. Sotnik 

Computer vision in practice: from automated quality control in manufacturing to AR 

applications …………………………………………………………………………………… 25 

В.М. Грижак, Н.В. Здорик, Д. В. Гурін 

Розробка низьковартісного автоматизованого допоміжного транспортного засобу для 

інтегрованого виробництва ………………………………………………………………… 30 

Гурін Д.В. 

Колаборативні роботи та їх інтеграція у кіберфізичні системи …………………………. 35 

V.I. Іevtushenko, S.V. Sotnik 

The development of information control systems for technological purposes ………………. 39 

R.V. Marunich, S.V. Sotnik 

Analysis of potential cyber threats to network security ………………………………………. 44 

V.I. Іevtushenko, S.V. Sotnik 

Evolution of SCADA architecture: from centralized models to cloud-based solutions ……… 49 

Ю.М. Мірошниченко Д.В. Гурін 

Розробка макету автоматизованої системи паркування «Smart Parking» ……………….. 54 

Р.О.Носик, І.О. Толкунов 

Огляд сучасних засобів для знешкодження та знищення вибухонебезпечних предметів 

та деякі математичні моделі щодо ефективного та безпечного їх застосування ……….. 59 

D.A. Sukhomlinova, S.V. Sotnik 

Analysis of autonomous navigation methods for drone swarms: centralized and 

decentralized approaches ……………………………………………………………………... 64 

О.В. Мамонтов 

Вібраційні методи вимірювання статичної неврівноваженості жорстких роторів ……... 69 

Є.В. Шалько 

Моделі безпечної взаємодії автоматизованого транспорту та персоналу в сучасних 

інтелектуальних складських системах …………………………………………………….. 72 

Svitlana Maksymova 

Prospects of using collaborative robots in radioelectronic instrument manufacturing ………. 77 

Д.А. Янушкевич 

Сучасні технології автоматизації виробничих логістичних систем в концепціях 

Логістика 4.0 та Логістика 5.0 ……………………………………………………………… 80 

 



   

 

 

 

«Computer-integrated technologies, automation and robotics»  

CITAR-2026 

 

 

16 

AUTOMATION OF THERMOFIXATION IN THE PRODUCTION OF REFLECTIVE 

CLOTHING (REFLECTIVE DTF) 

 

N. Panchenko, S. Sotnik 

Kharkiv National University of Radio Electronics 

Ukraine, 61166, Kharkiv, 14 Nauky Ave 

Е-mail: nataliia.panchenko@nure.ua 

Annotation: The work is devoted to the problem of ensuring the quality of reflective clothing 

elements manufactured using Reflective DTF technology. The technological process of applying 

reflective coatings is considered, and the critical dependence of the preservation of the optical 

properties of microspheres on the accuracy of the temperature regime at the thermofixation stage is 

revealed. A comparative evaluation of automatic temperature control methods is carried out 

according to the criteria of accuracy, speed, adaptability, and implementation complexity. The 

optimal approach to automation of thermofixation is determined to ensure the stability of the 

production process. 

Кey words: automation, thermofixation, Reflective DTF, reflective clothing, PID control, 

temperature control, microspheres, retroreflection. 

 

АВТОМАТИЗАЦІЯ ТЕРМОФІКСАЦІЇ У ВИРОБНИЦТВІ 

СВІТЛОПОВЕРТАЛЬНОГО ОДЯГУ (REFLECTIVE DTF) 
 

Н. В. Панченко, С. В. Сотник 

Харківський національний університет радіоелектроніки 

Україна, 61166, Харків, пр. Науки 14 

E-mail: nataliia.panchenko@nure.ua 

Анотація: Робота присвячена проблемі забезпечення якості світлоповертальних елементів 

одягу, виготовлених за технологією Reflective DTF. Розглянуто технологічний процес 

нанесення світлоповертальних покриттів та виявлено критичну залежність збереження 

оптичних властивостей мікрокульок від точності температурного режиму на етапі 

термофіксації. Здійснено порівняльну оцінку методів автоматичного контролю температури за 

критеріями точності, швидкодії, адаптивності та складності реалізації. Визначено 

оптимальний підхід до автоматизації термофіксації для забезпечення стабільності 

виробничого процесу. 

Ключові слова: автоматизація, термофіксація, Reflective DTF, світлоповертальний одяг, 

ПІД-регулювання, контроль температури, мікрокульки, ретрорефлексія. 

 

Automation of technological processes is one of the key directions for increasing the efficiency of 

modern production, ensuring product quality stability, reducing the influence of the human factor, 

and optimizing resource costs [1-12]. In the context of the light industry and the production of 

personal protective equipment, these issues acquire particular importance as they directly affect 

human safety and health. 

In particular, the problem of pedestrian safety at night in Ukraine is becoming critical due to the 

high mortality rate in conditions of insufficient lighting. The increase in the number of people with 

twilight vision disorders (nyctalopia) also requires the introduction of new methods of passive safety. 

One of the most effective ways to solve this problem is the use of clothing with reflective elements, 

which ensures human visibility at a distance of up to 150 meters compared to 20–30 meters without 

them. 
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Reflective DTF (Direct to Film) printing technology is the most promising for applying such 

elements due to the high elasticity of prints and the possibility of creating complex geometric shapes. 

The main factor in preserving the retroreflective properties of microspheres is strict adherence to the 

temperature regime of thermofixation, which requires automation of the control process. Existing 

equipment often does not provide adequate temperature maintenance accuracy, and manual 

adjustment does not allow synchronizing the film feed speed with temperature changes, which 

negatively affects the quality of finished products. 

Thus, the development of a microcontroller system for automating thermofixation for Reflective 

DTF technology is a relevant scientific and applied task. 

MATERIALS AND RESEARCH RESULTS. The study examines Reflective DTF (Direct to 

Film) printing technology as a basis for creating reflective clothing elements. The technological 

process consists of the following main stages (Fig. 1). The process begins with the development of a 

layout in graphic programs, where the file is converted to the CMYK color scheme and adapted to 

printing requirements. Next, the image is reproduced on reflective PET material using DTF 

technology. A thermoactive adhesive powder is evenly applied to the printed image to ensure 

adhesion to the textile surface. The adhesive is then heated to a melting state to bond it with the dye 

and the film base. The prepared film is applied to the product and pressed with a heat press at a 

temperature of 155–165°C to transfer the design onto the fabric. After the material has completely 

cooled, the protective film layer is removed by cold peeling. The process ends with short-term 

repeated pressing for 10 seconds to finally fix the decoration on the product. 

 

 

 

 

 

 

 

 

 

 

Figure 1 – Diagram of the technological process stages of Reflective DTF printing 

 

It has been established that the key factor in preserving the retroreflective properties of 

microspheres is strict adherence to the temperature regime at the thermofixation stage (155–165°C). 

Deviation from the specified range leads to thermal degradation of the optical layer, which manifests 

as a decrease in the intensity of light return by 40–60 %, partial or complete destruction of 

microspheres, and an increase in the production defect rate of 25–30 %. Analysis of existing 

equipment has shown that most heat presses do not provide adequate temperature maintenance 

accuracy, with an error of up to ±8–10°C. Additionally, manual adjustment does not allow for 

synchronizing the film feed speed with temperature changes, which is critical for continuous 

production. To solve the problem of insufficient temperature control accuracy, a comparative analysis 

of existing temperature control methods was conducted in the context of their application for 

automating the thermofixation process. 

Four main approaches to temperature control are considered: manual control, relay control, PID 

control, and systems based on fuzzy logic. In order to determine the optimal method for automating 

temperature control, a comparative analysis of existing approaches to temperature regulation was 

carried out. 
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Manual adjustment, which is used in most enterprises, is characterized by the lowest accuracy of 

maintaining the set temperature. The operator visually monitors the heat press readings and manually 

adjusts the heating parameters. This approach leads to a significant error (±8–10°C), since the 

operator's reaction to temperature changes has a delay, and subjective assessment does not ensure 

process stability. In addition, the human factor (fatigue, inattention) further reduces the quality of 

control, especially during long production cycles. 

Relay (On/Off) control is the simplest method of automation, where the heating element is turned 

on when the temperature drops below a set threshold and turned off when it exceeds it. Despite the 

simplicity of implementation and low cost, a significant drawback of this method is significant 

temperature fluctuations around the set value (hysteresis effect). Even with minimal hysteresis (±2–

3°C), relay control does not provide smooth temperature maintenance, which is critical for uniform 

thermofixation of microspheres in the narrow range of 155–165°C. Such fluctuations can lead to 

periodic exceeding of permissible limits and partial destruction of the optical layer. 

PID control (proportional-integral-derivative) provides high accuracy of temperature maintenance 

due to a combined approach to control. The proportional component generates a control action 

proportional to the current deviation from the set value, the integral component eliminates the 

accumulated error, and the derivative component takes into account the rate of temperature change, 

preventing overshoot. This allows reducing the error to ±1–2°C and ensuring smooth regulation 

without sharp temperature fluctuations. PID controllers are widely used in industry and have a well-

developed theoretical basis for parameter tuning. However, the classical PID controller requires 

preliminary adjustment of coefficients and may lose efficiency when operating conditions change (for 

example, changes in film thickness, mains voltage fluctuations, workshop temperature), which 

justifies the feasibility of developing adaptive control algorithms. 

Fuzzy logic represents an intelligent control method based on expert knowledge that does not 

require a precise mathematical model of the controlled object. The system makes decisions based on 

linguistic rules such as «if the temperature is slightly below the setpoint and decreasing rapidly, then 

significantly increase the heating power». The main advantage is adaptability to changes in process 

conditions and the ability to operate effectively under uncertainty. However, the complexity of 

configuration, the need to form a rule base, and significant computational costs make this method 

more labor-intensive to implement compared to classical PID control. Furthermore, implementing 

fuzzy logic on microcontrollers with limited computational resources (e.g., Arduino) may require 

algorithm simplification or reduced control frequency. The results of the comparative analysis of 

temperature control methods are presented in Table 1. 

 

Table 1 – Comparative analysis of temperature control methods 

Control 

method 

Accurac

y, °C 

Implementation 

complexity 
Speed Adaptability 

Energy 

efficiency 

Suitability for 

Reflective DTF 

Manual ±8–10 Low Low None Low Непридатний 

Relay 

(On/Off) 
±4–6¹ Very low Medium None High 

Обмежено 

придатний 

Classical PID ±1–2 Medium High Low High Придатний 

Fuzzy logic ±1–2 High Medium High High Придатний 
Notes: ¹ The accuracy of relay (On/Off) control depends on the inertia of the system and the hysteresis value; for systems with low 

inertia, fluctuations can reach ±5–8°C. 

 

Analysis of the data in Table 1 shows that for Reflective DTF technology, the most suitable 

methods are classical PID control and fuzzy logic, as they provide the required temperature 

maintenance accuracy within ±1–2°C. Manual control is completely unsuitable due to its high error 
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(±8–10°C), which exceeds the permissible deviation range for preserving the retroreflective 

properties of microspheres. Relay control has limited suitability due to significant temperature 

fluctuations (±4–6°C), which can lead to periodic excursions outside the critical range of 155–165°C. 

Classical PID control proved to be the optimal solution for automating the thermofixation process 

due to its combination of high accuracy, speed, and energy efficiency with moderate implementation 

complexity. Fuzzy logic, despite its higher adaptability, requires more complex configuration and the 

formation of a rule base, making its implementation economically impractical for this technological 

process. 

CONCLUSIONS. The paper analyzes the problem of automating temperature control in the 

production of reflective clothing using Reflective DTF technology. It has been established that the 

critical stage of the technological process is thermofixation at a temperature of 155–165°C, deviation 

from which leads to thermal degradation of the optical layer of microspheres, a decrease in the 

intensity of retroreflection by 40–60 %, and an increase in the defect rate up to 25–30 %. It was found 

that most existing equipment does not provide the required accuracy of temperature maintenance 

(error ±8–10°C), and manual adjustment does not allow synchronizing process parameters with 

temperature changes. This substantiates the need for the implementation of automated temperature 

control systems to ensure stable product quality and reduce production losses. A comparative analysis 

of four temperature control methods was carried out: manual, relay, classical PID control, and 

systems based on fuzzy logic. Based on the analysis results, it was established that classical PID 

control is the optimal solution for automating the thermofixation process, as it provides the required 

temperature maintenance accuracy (±1–2°C), high speed, and energy efficiency with moderate 

technical implementation complexity. The research results can be used for the development of 

microcontroller-based automation systems for heat presses in the production of reflective clothing, 

which will improve product quality, reduce defect rates, and ensure the stability of the technological 

process. 
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