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The subject of this research is mobile machine learning platforms for human 
gesture recognition within human-machine interaction systems, specifically for 
managing smart home components.

One of the key challenges in gesture recognition is ensuring high accuracy, 
efficiency, and robustness of algorithms under real-world operating conditions. 
The problem lies in selecting optimal machine learning platforms capable of 
balancing local and cloud computing, processing speed, and adaptability to 
changing environmental conditions.

The study presents a comparative analysis of the ML platforms Create 
ML (Apple) and Google Cloud AI Platform, which are used for gesture detection 
and recognition in smart home control systems. The obtained results demon-
strate that Create ML achieves an accuracy of 95.81 %, while Google Cloud AI 
Platform reaches 89.43 %, justifying their selection for further research. Addition-
ally, experimental testing of sensor placement topology revealed that diagonal 
camera positioning increases accuracy by 0.62 % compared to parallel placement.

The increased efficiency of Create ML is due to its ability to process data 
locally, reducing latency and dependence on an internet connection. In contrast, 
Google Cloud AI Platform relies on cloud resources, enabling the processing 
of large volumes of data but making it dependent on data transmission speed.

The proposed gesture control algorithms can be used to enhance the acces-
sibility of technology for people with disabilities, particularly in rehabilitation 
centers. Additionally, the research findings can be applied to contactless in-
terfaces in medical facilities and public spaces, reducing the need for physical 
interaction with surfaces and improving hygiene levels. The use of mobile 
ML platforms in such scenarios allows for the optimization of computational 
resources and ensures the effective integration of gesture control into modern 
human-machine systems.

Keywords: human-machine interaction, HMI, Create ML, Google Cloud 
AI Platform, image processing, contactless control, ML platforms.
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The object of research is the benchmarking process of stream process-
ing frameworks, specifically evaluating the impact of Service Level Objec-
tives (SLOs) in real-time data processing systems.

One of the most problematic aspects is the lack of standardization in SLO 
definitions, which leads to inconsistencies between technical performance 
indicators (latency, throughput) and business objectives. Additionally, existing 
benchmarking methodologies primarily assess technical metrics without consid-
ering their business relevance.

In the course of the study, experimental methods were used to analyze the 
relationship between latency and throughput under varying load conditions.  

A series of experiments were conducted with a Kafka Streams-based stream pro-
cessing setup, modifying workload parameters and resource constraints.

The results obtained demonstrate the nonlinear relationship between la-
tency and throughput. Increasing event rates can either enhance or degrade per-
formance depending on resource constraints and Kafka Streams’ commit interval 
settings. The findings demonstrate that under stable conditions, latency decreases 
from 21 s to 6.2 s while throughput increases from 0.6 ops/sec to 72 ops/sec.  
When computational bottlenecks are introduced, latency spikes to 349 s and 
throughput drops to 32 ops/sec, highlighting performance degradation. Con-
versely, distributed processing reduces latency to 11 s and increases throughput 
to 169.9 ops/sec. While higher loads generally improve throughput, excessive 
processing delays can unexpectedly reduce it due to resource contention.

These insights provide a foundation for dynamic SLO adjustments to opti-
mize real-time data processing efficiency. The presented approach helps to avoid 
generalized and inefficient methods for measuring the performance of stream 
processing frameworks.

Keywords: benchmarking, distributed systems, performance measurement, 
SLO (service level objectives), real-time processing.

References

1.	 Tantalaki, N., Souravlas, S., Roumeliotis, M. (2019). A review on big data real-time 
stream processing and its scheduling techniques. International Journal of Parallel, 
Emergent and Distributed Systems, 35 (5), 571–601. https://doi.org/10.1080/ 
17445760.2019.1585848

2.	 Zaharia, M., Das, T., Li, H., Hunter, T., Shenker, S., Stoica, I. (2013). Discretized 
streams: fault-tolerant streaming computation at scale. Proceedings of the Twenty-
Fourth ACM Symposium on Operating Systems Principles, 423–438. https://doi.
org/10.1145/2517349.2522737

3.	 Noghabi, S. A., Paramasivam, K., Pan, Y., Ramesh, N., Bringhurst, J., Gupta, I., 
Campbell, R. H. (2017). Samza: Stateful scalable stream processing at Linke-
dIn. Proceedings of the VLDB Endowment, 10 (12), 1634–1645. https://doi.
org/10.14778/3137765.3137770

4.	 Saxena, S., Gupta, S. (2017). Practical real-time data processing and analytics: 
distributed computing and event processing using Apache Spark, Flink, Storm, and 
Kafka. Packt Publishing Ltd., 360.

5.	 Raptis, T. P., Passarella, A. (2023). A Survey on Networked Data Streaming 
With Apache Kafka. IEEE Access, 11, 85333–85350. https://doi.org/10.1109/
access.2023.3303810 

6.	 Dias de Assunção, M., da Silva Veith, A., Buyya, R. (2018). Distributed data 
stream processing and edge computing: A survey on resource elasticity and fu-
ture directions. Journal of Network and Computer Applications, 103, 1–17. https://
doi.org/10.1016/j.jnca.2017.12.001

7.	 Kalim, F. (2020). Satisfying service level objectives in stream processing sys-
tems. [Doctoral dissertation; University of Illinois at Urbana-Champaign]. Avail-
able at: https://www.ideals.illinois.edu/items/116227

8.	 Benchmarking Streaming Computation Engines at Yahoo! Yahoo. Available at: 
http://yahooeng.tumblr.com/post/135321837876/benchmarkingstreaming-
computation-engines-at

9.	 Wang, Y., Boissier, M., Rabl, T. (2024). A survey of stream processing system 
benchmarks. Proceedings of the 16th TPC Technology Conference on Performance 
Evaluation and Benchmarking (TPCTC 2024). Guangzhou.

10.	 Lu, R., Wu, G., Xie, B., Hu, J. (2014). Stream Bench: Towards Benchmarking 
Modern Distributed Stream Computing Frameworks. 2014 IEEE/ACM 7th  In-
ternational Conference on Utility and Cloud Computing, 69–78. https://doi.
org/10.1109/ucc.2014.15 

11.	 van Dongen, G., Poel, D. V. D. (2021). A Performance Analysis of Fault Recovery 
in Stream Processing Frameworks. IEEE Access, 9, 93745–93763. https://doi.
org/10.1109/access.2021.3093208 

12.	 Henning, S., Vogel, A., Leichtfried, M., Ertl, O., Rabiser, R. (2024). Shuffle-
Bench: A Benchmark for Large-Scale Data Shuffling Operations with  



ABSTRACTS AND REFERENCES: 

INFORMATION TECHNOLOGIES

82 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — No. 2/2(82), 2025

ISSN-L 2664-9969; E-ISSN 2706-5448

Distributed Stream Processing Frameworks. Proceedings of the 15th ACM/SPEC 
International Conference on Performance Engineering, 2–13. https://doi.org/ 
10.1145/3629526.3645036

13.	 Hesse, G., Matthies, C., Perscheid, M., Uflacker, M., Plattner, H. (2021). ESP-
Bench: The Enterprise Stream Processing Benchmark. Proceedings of the ACM/SPEC 
International Conference on Performance Engineering, 201–212. https://doi.org/ 
10.1145/3427921.3450242

14.	 Xu, H., Liu, P., Ahmed, S. T., Da Silva, D., Hu, L. (2023). Adaptive Fragment-
Based Parallel State Recovery for Stream Processing Systems. IEEE Transactions 
on Parallel and Distributed Systems, 34 (8), 2464–2478. https://doi.org/10.1109/
tpds.2023.3251997

15.	 Dongen, G. V. (2021). Open stream processing benchmark: An extensive analysis 
of distributed stream processing frameworks. [Doctoral dissertation; Ghent Uni-
versity].

16.	 van Dongen, G., Steurtewagen, B., Van den Poel, D. (2018). Latency Mea-
surement of Fine-Grained Operations in Benchmarking Distributed Stream 
Processing Frameworks. 2018 IEEE International Congress on Big Data (Big-
Data Congress). San Francisco, 247–250. https://doi.org/10.1109/bigdatacon-
gress.2018.00043

17.	 Jayasekara, S., Karunasekera, S., Harwood, A. (2021). Optimizing checkpoint‐
based fault‐tolerance in distributed stream processing systems: Theory to prac-
tice. Software: Practice and Experience, 52 (1), 296–315. https://doi.org/10.1002/
spe.3021

18.	 Henning, S., Hasselbring, W. (2021). Theodolite: Scalability Benchmarking of 
Distributed Stream Processing Engines in Microservice Architectures. Big Data 
Research, 25, 100209. https://doi.org/10.1016/j.bdr.2021.100209

19.	 Kavuri, S., Narne, S. (2020). Implementing Effective SLO Monitoring in High-
Volume Data Processing Systems. International Journal of Scientific Research 
in Computer Science, Engineering and Information Technology, 5 (6), 558–578. 
https://doi.org/10.32628/cseit206479

20.	 Kalim, F., Xu, L., Bathey, S., Meherwal, R., Gupta, I. (2018). Henge: Intent-driven 
multi-tenant stream processing. Proceedings of the ACM Symposium on Cloud 
Computing, 249–262. https://doi.org/10.1145/3267809.3267832

21.	 Griebler, D., Vogel, A., De Sensi, D., Danelutto, M., Fernandes, L. G. (2020). 
Simplifying and implementing service level objectives for stream parallelism. 
The Journal of Supercomputing, 76 (6), 4603–4628. https://doi.org/10.1007/
s11227-019-02914-6

22.	 Kayser, C., Dias de Assunção, M., Ferreto, T. (2024). Lapse: Latency & Power-
Aware Placement of Data Stream Applications on Edge Computing. Proceedings 
of the 14th International Conference on Cloud Computing and Services Science. 
SciTePress, 358–366. https://doi.org/10.5220/0012737400003711

DOI: 10.15587/2706-5448.2025.326909

DEVELOPMENT OF A NEURAL NETWORK MODEL 

FOR AN AUTOMATED HVAC SYSTEM BASED ON 

COLLECTED DATA

pages 21–26

Illia Velychko, Department of Automation and Computer Technologies of Con-
trol Systems named after Prof. A . P. Ladanyuk, National University of Food 
Technologies, Kyiv, Ukraine, e-mail: velychkoiv@nuft.edu.ua, ORCID: https://
orcid.org/0009-0001-8826-4419

Viktor Sidletskyi, PhD, Associate Professor, Department of Automation and 
Computer Technologies of Control Systems named after Prof. A . P. Ladanyuk, 
National University of Food Technologies, Kyiv, Ukraine, ORCID: https://orcid.
org/0000-0003-2606-3651

The object of research is ventilation and air conditioning systems, which act 
as the object of data collection for the development of a neural network model 
based on them. The main attention is paid to the choice of algorithm, data col-

lection for training a neural network model based on the MATLAB software 
package, to simplify the model development process.

The main problem that was considered in the study is the complexity of 
building mathematical models for ventilation and air conditioning systems. 
Traditional approaches require significant computing resources and in-depth 
analysis of physical processes, which complicates their development and 
practical use.

The research results show one of the approaches to creating a model of 
ventilation and air conditioning systems using neural networks. The proposed 
approach provides fast training of the model based on real data, which in further 
studies will allow adapting the system to changing operating conditions and 
increasing its efficiency.

The obtained results are explained by the fact that, unlike classical mathe
matical models that require precise formulation of all dependencies and param-
eters. Neural networks are able to approximate complex nonlinear functions 
without the need for a complete understanding of physical processes.

The proposed approach can be used for ventilation and air conditioning 
systems provided that there is a sufficient amount of data for training the neural 
network. Also important is the integration of such a system with controllers 
and SCADA systems that provide operational collection of parameters from 
the environment. The use of neural network models is especially effective in 
smart buildings, industrial facilities and energy-saving systems, where it is im-
portant to optimize energy consumption and provide comfortable conditions 
for users. In addition, such models can be implemented in cloud platforms for 
centralized management of climatic parameters in various buildings or produc-
tion complexes.

Keywords: microclimate control, HVAC automation, machine learning, 
energy efficiency, neural networks.
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The object of the study is the process of pre-printing image preparation, in 
particular the final stage of preparing an image for printing – rasterization using 
polynomial transformation.

One of the problems in the process of preparing an image for printing is 
the lack of a program in computer graphics programs and a raster processor for 
constructing gradation characteristics and rasterization characteristics.

This work used scientific research methods, in particular the method of  
mathematical modeling, object-oriented programming and the MATLAB:Simulink 
software package. In the process of the study, rasterization models of polynomial 
transformation of digital images were built and simulators for simulation model-
ing were developed.

Gradation characteristics, rasterization characteristics and optical density 
of the raster elements were obtained, which quantitatively and qualitatively de-
scribes the raster tone reproduction of printed images. The developed model of 
coloring for determining the amount of paint on the surface of raster elements of 
polynomial transformation of images of light tones allows to correct the image 
based on the analysis of the properties of gradation characteristics, characteristics 
of screening and optical density in a wide range of tone reproduction.

Thanks to the proposed model, the informativeness of the analysis of tone 
reproduction is significantly expanded. This is a significant advantage over the 
model based on power transformation, which has limitations in terms of the 
reproduction of dark tones and causes the phenomenon of posterization.

Based on the obtained results of coloring raster elements of typical vari-
ants of polynomial transformation for a polynomial thickness value H = 1 μm 
it was established that an increase in the thickness of the paint layer by 20 % 
of the nominal shifts the initial values of coloring. In particular: at V = 1.2 the 
characteristics shift towards dark tones – the image darkens, and at V = 0.8 the 
characteristics of coloring shift towards midtones – the image becomes lighter.

The results of the conducted studies of raster tones can be applied at the 
stage of preparing digital images for rasterization in computer publishing systems.

Keywords: polynomial transformation, coloring raster elements, simulator, 
gradation characteristics, coloring characteristics, optical density.
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The object of research is the technological process of digital image process-
ing using power transformation in pre-printing processes.

A significant problem in preparing an image for printing is the phenomenon 
of posterization, which distorts the image and limits the possibilities of power 
transformation for correcting dark areas of the image. This is a disadvantage of 
power transformation, which is that at power indicators (r < 0.45) and (r > 1.5) 
power transformation is too sensitive to changes in black levels.

The mathematical model of power-linear transformation of images for 
dark tones has been improved, which, unlike the known ones, involves the 
summation of power and linear transformation and includes a simulator of 
power-linear transformation of images. Taking into account the improved 
model, gradation characteristics, optical density dependences and contrast 
sensitivity were obtained, which quantitatively assess the perception of images 
by the human visual system.

The validity of the improved model was verified by mathematical modeling 
using object-oriented programming and the MATLAB:Simulink software package.

The results of mathematical modeling indicate that the development of 
the mathematical model allowed to further expand the possibilities of image 
correction. This is due to the fact that the length of the discrete gradation 
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characteristics is 3–4 levels, which are not noticed by the human visual system 
(posterization is eliminated).

The proposed model has significant advantages over image conversion 
methods used in printing. In particular, it expands the range of visual perception 
of images, eliminates the phenomenon of posterization, provides the ability to 
change (stretch and compress) contrast within wide limits. At the same time, it 
expands the functionality of power-law image conversion, and accordingly pro-
vides an increase in image quality when preparing it for printing.

The results of the conducted research are recommended to be used at the stage 
of preparing images for printing and in workflows by operators and technologists.

Keywords: power-linear transformation, simulator, gradation characteris-
tics, optical density, contrast sensitivity, posterization.
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The object of research is technological and technical processes that affect 
the effectiveness of developing a system with Digital Twins and ensuring cyber 
security using the example of the dairy industry.

The work is aimed at solving the problems in the sector of a comprehensive 
system for monitoring production processes with the possibility of early detec-
tion of deviations and potential threats. This, in turn, can lead to a decrease in 
product quality and an increase in cyber security risks.

During the implementation of the research, a Digital Twins of the main 
technological areas was developed using the example of a dairy enterprise, 
namely: receiving, apparatus and dietary departments. This approach pro-
vides for the collection and analysis of data on production parameters (pas-
teurization temperature, level in tanks, etc.), and also integrates the results 
of laboratory control. It was found that technological risks have the greatest 
impact on the effectiveness of the functioning of production processes, and se-
curity risks directly account for 35 % of the total threat structure. This is partly 
due to one of the main problems in the sector of insufficient data protection 
and possible external interference, including during cyber attacks. In addition, 
the analysis identified three risk groups (a total of 13 factors), which further 
allowed to determine their impact on the efficiency of production as a whole. 
This, in turn, allowed to draw a preliminary conclusion that the use of cyber-
security risk management strategies reduces the likelihood of technical fail-
ures and information threats at an industrial enterprise. The results of model-
ing Digital Twins of the main technological areas using the example of a dairy 
enterprise showed that the implementation of strategies from the security 
risk group increases the efficiency of the project by 4 %. The results obtained 
can be used to increase the level of cybersecurity and monitor production  
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processes in the dairy industry and other agro-industrial sectors. The devel-
oped Digital Twins can be integrated into quality and safety management 
systems for food production, in particular, for enterprises operating in condi-
tions of increased risks of cyber threats.

Keywords: Digital Twins, industrial Internet of Things, monitoring, con-
trol and threat modeling, technological risks, food industry, information systems 
security.
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The experience of modern warfare, particularly from public reports on 
the Russia-Ukraine conflict, highlights significant changes in military strategies, 
tactics, and technology.

The heavy reliance on artillery and the high demand for shells pose major 
logistical, storage, and strategic challenges. Poor-quality ammunition can reduce 
combat effectiveness, damage equipment, jeopardize operations, and put person-
nel at risk, creating a cascade of additional problems.

The study was aimed at studying the effectiveness and optimization of the 
additional quality control strategy for ammunition. The focus was on acceptance 
sampling algorithms to maintain high productivity while optimizing inspection 
efficiency. The impracticality of 100 % inspection was taken into account.

The study develops and implements specialized acceptance sampling plans 
adapted to the unique quality and operational requirements of each type of artil-
lery mission. Using iterative calculations, optimal sample sizes and acceptance 
criteria are established to meet predefined quality levels, minimizing resource 
consumption and inspection time. The developed sampling plans are structured 
to find balance between the allowed number of defects and inspection efficiency, 
ensuring that high-quality ammunition is allocated for destructive fire missions, 
while properly inspected but larger batches of ammunition are allocated for sup-
pressive fire combat missions.

The new quality control step could be added to the game scenarios of 
ARMA 3, or to any other warfare simulations, and show that the acceptance 
plan strategy effectively reduces costs, increases operational safety and 
ensures readiness for artillery missions. The proposed statistical methods 
provide a reliable and adaptable approach for integrating quality control into 
the preparation of artillery ammunition, ensuring reliable supply in difficult 
combat conditions.

Keywords: computer simulations, artillery operations, stochastic models, 
quality control, acceptance sampling.
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The object of this research is the decision-making process in project manage-
ment aimed at increasing efficiency and optimizing return on investment (ROI). 
One of the most problematic areas identified during the audit is the limited ca-
pability of traditional multi-criteria decision-making (MCDM) methods – such 
as multi-objective optimization on the basis of ratio analysis (MOORA) and 
weighted aggregated sum product assessment (WASPAS) – to operate effectively 
under uncertainty, incorporate qualitative expert judgments, ensure objectivity 
in calculations, and maintain ranking stability when criteria weights change or 
when new alternatives and external factors are introduced – conditions often 
present in real-world management scenarios.

To address these limitations, the study employs an integrated fuzzy decision-
making model that combines the fuzzy analytic hierarchy process (Fuzzy AHP) 
and the fuzzy technique for order preference by similarity to ideal solution (Fuzzy 
TOPSIS). Fuzzy AHP is used to determine the weights of criteria through expert 
pairwise comparisons, incorporating linguistic assessments transformed into 
triangular fuzzy numbers. Fuzzy TOPSIS ranks project alternatives by measuring 
their closeness to the ideal solution under uncertain conditions.

The proposed methodology also includes sensitivity analysis and rank 
reversal testing to validate the model’s robustness. The results demonstrate 
a stable ranking of three project alternatives, with Alternative B achieving 
the highest closeness coefficient (0.6628), indicating its superior investment 
attractiveness.

This decision support model integrates expert knowledge, fuzzy logic, 
and mathematical modeling, and is adaptable to changes in data, incomplete 
information, and varying evaluation criteria. Compared to classical MCDM 
approaches, it offers improved accuracy, flexibility, and robustness for strategic 
decision-making in dynamic environments.

Keywords: Fuzzy TOPSIS, ROI optimization, Fuzzy AHP, project manage-
ment, decision analysis.
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The object of research is the processes of functioning and maintenance, 
which together determine the operation stage of the information system.

The study is devoted to solving the problem of life cycle formal management 
of operated information systems of management of enterprises and organiza-
tions. Research in this area is mainly aimed at developing models, methods and 
technologies for managing material products and software applications. Issues of 
life cycle management of interdisciplinary IT products, such as enterprise man-
agement information systems, remain practically unexplored.

The aim and main limitations of classical (permanent) management of 
the life cycle of an operated information system are determined and formally 
described. The main disadvantage of such management is the possibility of  
a significant increase in the number of change requests that arise as a result of 
changes in business processes and IT infrastructure of enterprises and organi-
zations. Therefore, it was proposed to move from the concept of classical (per-
manent) management to the concept of life cycle effective management of an 
operated information system. This concept allows to formally describe the task 
of life cycle effective management of an operated information system as a task 
of achieving optimal characteristics of this information system for each of its 
specific properties and the minimum probability of the existence of unresolved 
incidents and requests for changes during the operation stage of this informa-
tion system. Based on the provisions of this concept, formal descriptions of the 
objective function and the main constraints of the task of life cycle effective 
management of an operated information system for its individual properties 
are developed. The use of this concept allows to consider classical (permanent) 
management as a partial case of life cycle effective management of an operated 
information system.

Practical application of the proposed formal description of the task of life 
cycle effective management of an operated information system allows to improve 
SLM-systems for managing the life cycle of an operated information system 
without global reengineering of existing systems and technologies for data stor-
age and processing.

Keywords: information system, system life cycle management, manage-
ment by properties, objective function, constraints.
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The methodological basis of the study is a set of techniques, principles, 
general theoretical, special, interdisciplinary methods of scientific research.  
To achieve the set goal, the dialectical method of scientific knowledge was used –  

to study disinformation in martial law and determine the role of artificial intel-
ligence (AI) in its detection and neutralization. The use of a systemic approach 
made it possible to determine the features of the spread of disinformation through 
social networks, traditional media and automated bot farms, for the manipula-
tion of public opinion. The operations research method was used to determine 
the advantages and disadvantages of AI tools aimed at detecting disinformation. 
Methods of analogies and comparison – to determine modern methods of 
combating fake news, including machine learning algorithms, natural language 
processing and image analysis. It was established that the main problem for in-
creasing the effectiveness of combating disinformation is the implementation of 
European experience in using AI.

The use of systemic and critical analysis allowed to explore the international 
experience of using AI tools in the field of information security, their effectiveness 
in detecting deepfakes and other forms of false content. A comprehensive strategy 
for countering disinformation in Ukraine is proposed. The proposed strategy, 
unlike the existing strategy, takes into account the use of artificial intelligence 
technologies to identify fake content in social networks and news channels, the 
formation of a special body to analyze digital content and the development of 
a digital society. The comprehensive strategy, unlike the existing ones, includes 
the expanded use of AI to monitor the information space, combining automated 
analysis with human control; the implementation of state initiatives to regulate 
fake content and increase the level of media literacy of the population. The research 
results will be useful for scientists, information security experts, journalists and 
state bodies involved in combating disinformation. The proposed approaches 
will contribute to strengthening the information protection of Ukraine and re-
ducing the impact of fake news on society.

Keywords: disinformation, artificial intelligence, fake news, social networks, 
deepfakes, information security.
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