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RESEARCH INTO MODERN TECHNOLOGIES AND METHODS
FOR DEVELOPING DECISION SUPPORT SYSTEMS
FOR THE FOOD INDUSTRY

Chornobai K., Hrybkov S., Forsiuk A.
National University of Food Technologies, Kyiv, Ukraine
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This paper examines modern methods and technologies for developing decision support
systems for enterprises in the food industry.

The modern architecture of DSS for the food industry is based on a
combination of several key technological platforms, which together form what is
known as the ‘digital continuum’. One of the fundamental components is the Internet
of Things (loT) and sensor monitoring systems, which ensure the continuous
collection of data on the conditions of production, transport and storage of food
products.

Research findings show that integrating temperature, humidity and vibration
sensors, along with GPS trackers, with blockchain platforms enables the creation of
immutable digital records of environmental parameters throughout the product’s
journey from farm to fork. Such systems not only ensure a high level of transparency
but also, through smart contracts, automatically trigger alerts when parameters
exceed permissible limits, which is particularly valuable for managing supply chains
for perishable goods. Moreover, as demonstrated by a study by Forcina and co-
authors, the application of the TOPSIS method to assess the impact of various
Industry 4.0 technologies in a real-world food company identified cloud computing
and loT as the most significant for production safety management.

In the field of data analytics and forecasting, machine learning and explainable
artificial intelligence play a key role. These technologies enable the development of
models to predict product quality, safety and shelf-life metrics based on historical and
real-time data. For example, in a study on potato crisp production, the Random Forest
method was used to model three key physico-chemical quality indicators: fat content,
moisture content and product lightness. Furthermore, using multi-objective
optimisation based on the NSGA-II genetic algorithm and the TOPSIS decision-
making method, the system generates recommendations for adjusting production line
parameters, considering the quality of individual batches of raw materials, which
helps maintain the consistency of the final product.

Distributed ledger technology, or blockchain, delivers a radically new level of
traceability and trust within agri-food supply chains. The use of blockchain in
conjunction with the 10T enables the creation of decentralised, tamper-proof and
Immutable records covering the entire product lifecycle. Developed architectural
solutions, such as a multi-tier enterprise architecture based on the TOGAF framework
and the ArchiMate modelling language, demonstrate how blockchain platforms such
as Hyperledger Fabric can be integrated with knowledge graphs for semantic
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inference and machine learning for predictive analytics. Such integrated platforms
allow not only the tracking of raw material origins but also the automatic verification
of compliance with storage and transport conditions, which significantly reduces the
risks of counterfeiting and contamination.

The concept of Digital Twins is one of the most promising integration
platforms for DSS, as it combines sensor perception, modelling and optimisation
within a single virtual space that mirrors a real physical process or system. In the
food industry, digital twins enable virtual experiments and the optimisation of
production lines without risk to actual products, which is particularly valuable in
sensitive processes such as frying or baking.

The implementation of DSS in the food industry faces a number of systemic
challenges, which can broadly be categorised as technical, organisational and human.
Technical barriers include high initial investment in hardware, software and the
necessary telecommunications infrastructure, which is often prohibitive for small and
medium-sized enterprises, which make up a significant proportion of the food
industry. The problem of interoperability is further complicated by the fact that
different participants in the supply chain (farmers, processors, distributors, retailers)
use their own, often incompatible, software solutions, making it impossible to create
a single, harmonised information space.

Organisational challenges include significant inertia in management processes,
a lack of in-house expertise in big data analysis and modern information technology,
as well as a lack of clear understanding of the economic returns from implementing
DSS, which is particularly acute in the context of tight budgets. Research findings
indicate that even the most technologically advanced DSSs often face low levels of
actual usage because they fail to account for real-world workflows, role-specific
functions, and the digital literacy levels of end-users.

In this context, the design of cognitive interfaces adapted to different categories
of users is of paramount importance, particularly for less experienced production line
operators who may have limited skills in working with complex analytical systems. It
Is the human factor, rather than technological limitations, that is increasingly
identified as the main barrier to successful digital transformation in the food industry,
underscoring the importance of developing intuitive, user-friendly and end-user-
friendly decision-support systems.
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