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Abstract. Industrial automation has entered a new stage in its long historical development by integrating the
remarkable achievements of Al, accelerating exponentially in the last decade. The present work aims to summa-
rize the prospects and expected main directions of the evolution of industrial automation in the era of artificial
intelligence. It is based on the realistic assumption that innovations in industrial automation will be imple-
mented primarily by upgrading existing and proven industrial facility management systems. One of the main
directions is the multifaceted expansion of modern capabilities of industrial automation through the adaptation
and further development of leading artificial intelligence technologies. The functional scope of industrial auto-
mation systems is expanding through “end-to-end automation” of industrial systems with a focus on operation-
al management of the final production stages, the increasing volume of automation of particularly important
procedures such as decision-making, dynamic optimization, coordination in unforeseen and extreme conditions
(damages, accidents, disasters), predictive maintenance of the technical condition of facilities. Modern indus-
trial automation, integrating elements of artificial intelligence, will implement a new approach in the strategy
of industrial management through the transformation of approaches to achieving high efficiency, production
quality, energy efficiency, environmental friendliness, and cybersecurity. Artificial intelligence methods will ex-
pand the capabilities of modern management of complex objects with large dimensions, nonlinearity, uncertain-
ty, non-stationary variability of structures, models, parameters, and disturbances. The learning methods and
generative capabilities of artificial intelligence systems will allow the implementation of complex hierarchical,
networked and multi-connected structures with autonomous agents, necessary for a number of critical indus-
trial infrastructure systems. Integrating elements of artificial intelligence into industrial automation systems
still poses a major challenge for researchers, designers, operators and managers. Therefore, any implementa-
tion of artificial intelligence technologies so far has a unique character, represents an innovative solution and
requires significant efforts, a holistic approach and conviction. The undoubted rapid development of artificial
intelligence in the coming years and the increased needs of industrial systems will simulate rapid progress in
industrial automation systems.
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Abstract. Anaerobic digestion is a biotechnological method by which various organic wastes can be used as
feedstock for biogas production. Anaerobic co-digestion can be considered as the simultaneous anaerobic di-
gestion of a mixture of two or more waste types as substrate and co-substrate. Over the past two decades, our
multidisciplinary team has performed many experiments on anaerobic co-digestion of various organic wastes.
Different ratios of organic waste mixtures, in binary and ternary mixtures, have been investigated in order to
maximize the resulting methane. Experimental studies confirm that biogas yields and process stability can be
significantly increased when using two or three-component mixtures depending on the feedstock types and the
ratio between them. Another option for increasing energy yields is the two-stage process, in which hydrogen and
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methane are produced simultaneously. A very good opportunity in this direction theoretically provides also the
so-called extremum seeking control, on which our team has achieved significant results. Our research group is
currently working on a project exploring the possibilities of combining solar energy with photovoltaic energy
for improvement of energy balance of model facilities representing livestock farms.

HNH®OPMATHUKA

I Muxajnes. U3non3Bane Ha U3KYCTBEHM HEBPOHHHU MPeKU NPHU ANPOKCUMHUPAHETO HA CHCTEMH Ype3
OPTOHOPMAJTHM (PYHKIUHU 21

Key Words: Artificial neural network; approximation; Laguerre functions.

Abstract. The present article examines a well-known procedure used in various scientific fields — approxi-
mation. Specifically, it analyzes the application of Laguerre orthonormal functions in the approximation of
transient and impulse responses of dynamic systems. Particular attention is given to the challenges associated
with using these functions in the context of model predictive control (MPC) synthesis. These challenges include
determining the scaling factor, the number of orthonormal functions, and the calculation of decomposition
coefficients, which create additional difficulties when modeling systems with parametric uncertainties. To over-
come these challenges, the use of artificial neural networks (ANN) is proposed for the automatic generation of
the decomposition coefficients of Laguerre functions. Instead of directly approximating the impulse responses
of systems, which involves significant computational complexity, ANN is employed to predict the optimal de-
composition coefficients, thereby reducing computational time and improving accuracy. As part of the study,
simulations were conducted for the approximation of both low- and high-order systems with different levels of
parametric uncertainty. The results demonstrate a significant improvement in approximation accuracy when
using neural networks compared to standard coefficient computation methods. Graphical representations of
the approximation results for different values of the scaling factor and the number of orthonormal functions
are provided, analyzing their effects on approximation error. It has been established that, with proper training
of neural networks, significant improvements in the approximation process can be achieved, making them suit-
able for implementation in real-time control systems. The proposed methodology extends the applicability of
Laguerre functions in model predictive control and provides an efficient approach for handling systems with
uncertainties.
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25-a mexnayHapoaHa koHdepennusi ,,Kommorbepan cucremu n texnojaornn“ CompSysTech’24, 14-15
1oHn 2024 r., Pyce 30

CompSysTech’24 was the twenty-fifth edition of the International Conference on Computer Systems and Tech-
nologies. The conference was held on June 14-15, 2024 at the Angel Kanchev University of Ruse. CompSys-
Tech’24 was organized under the patronage of the Ministry of Education and Science of Bulgaria, the John
Atanasoff Society of Automatics and Informatics, the Federation of Scientific and Technical Unions in Bulgaria
and the Angel Kanchev University of Ruse.

12-a mexxnynapoata IEEE koudepenuus no unreaurentu cuctemu (IEEE 12" International Confer-
ence on Intelligent Systems, IS 2024): Methodology, Models, Applications in Emerging Technologies,
29-31 aBrycr 2024 r., Bapna. O6einHsiBaHe HA eKCIIEPTH B CBETA HA MHTEJUIEHTHUTE CHCTEMH ........ 31

Continuing the legacy of successful conferences such as 1S°02, 1S°04, IS°08, 1S‘12, 1S’16, IS°20 (held in Sofia
and Varna, Bulgaria), IS°06, 1S’10 (held in London, UK), 1S’14, IS°22 (held in Warsaw, Poland), IS’18 (held
in Funchal, Madeira Island, Portugal), the 12" IEEE International Conference on Intelligent Systems, 1S°24,
aims to bring together leading specialists in the expansive field of intelligent systems. This forum presents a
unique opportunity for scientists from around the globe to share their ideas and achievements in the theory and
practice of intelligent control, artificial intelligence, decision support systems, neural networks, soft computing,
data mining and knowledge discovery, ontologies, machine learning, intelligent measurement, and other related
topics. The conference aims to highlight contemporary intelligent systems as a concept that unifies theoretical
research and applications in automation, information technologies, and measurement.
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IEEE International Conference Automatics and Informatics’2024 (ICAI’24), 10-12 oxtomBpu 2024
r.,Bapna 33

The IEEE International Conference Automatics and Informatics’24 (ICAI’24), a continuation of the traditional
International Conference Automatics and Informatics, was held on 10-12 October 2024 at the Technical Uni-
versity of Varna. It is one of the main events in the John Atanasoff Days, traditionally held under the patronage
of the President of the Republic of Bulgaria with the aim of presenting and promoting the results of scientific
research in the field of automatics and informatics. The conference has 57-years history and it has made a great
contribution to the development of automatics and informatics in Bulgaria.

32-u MeKTyHAPOJIEH CHMIIO3UYM ,, YIIPaBJIeHHe HA eHePIrHiiHN, €KOJIOTHYHH U HHAYCTPHAJIHU CHCTEMH®,
12-13 noemBpu 2024 r., Copust 35

On November 12-13, 2024, the 32" edition of the traditional annual International Symposium on Control of
Energy, Ecological and Industrial Systems was held. In its 32-year existence, the symposium has consistently
maintained the line of communication between automation and informatics specialists from research groups
and industry.
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Club SAI continues to be one of the most attractive and popular events of the SAL. Along with purely human,

collegial and professional contacts, the presentation of companies and achievements of colleagues in the field of
automation and informatics allows SAI members to become familiar with current topics in science and the real
economy in the subject area of the John Atanasoff Society of Automatics and Informatics.
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90-ronuien oomaei Ha akaa. Kupua bosinos 37

On February 22, 2025, Acad. Kiril Lyubenov Boyanov turned 90. A prominent Bulgarian engineer, scientist
in the field of electrical engineering, computing and information technologies, academician of the Bulgar-
ian Academy of Sciences, he is also one of the most authoritative members of the John Atanasoff Society of
Automatics and Informatics with a great contribution to the establishment and development of SAI over the
years. He has significantly helped to integrate the two constituent professional groups of specialists in SAI — on
automatics and informatics. Several generations of our community draw knowledge, wisdom, intelligence and
inspiration from him.
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