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The increasing automation of waste sorting processes brings significant efficiency gains but also introduces new layers of

operational uncertainty that challenge safety management. This paper proposes a conceptual Digital Twin (DT) framework

integrating fuzzy logic to support dynamic, risk-oriented safety assessment in automated waste sorting facilities. The

novelty of the approach lies in combining data-driven monitoring with fuzzy reasoning, enabling a continuous and

interpretable evaluation of safety states under uncertain or incomplete information. The proposed model defines

linguistic safety scales (“safe,” “warning,” “hazard”) and fuzzy inference rules that relate sensor inputs, such as

temperature, vibration, or current deviations, to the system’s risk level. The Digital Twin concept serves as a virtual

representation of the sorting line, connecting the physical and cyber layers to provide real-time insights into operational

safety. A simplified proof-of-concept scenario based on synthetic data demonstrates the model’s capability to detect early

warning conditions and dynamically adjust the safety index according to the evolving system state. The paper discusses

the methodological foundations, conceptual architecture, and practical relevance of the framework for industrial decision-

makers. The results indicate that integrating fuzzy reasoning into a DT environment can improve the resilience, reliability,

and transparency of safety monitoring, particularly in contexts where data availability is limited or operational variability is

high. The study concludes with recommendations for further development of hybrid DT-based safety systems integrating

fuzzy and predictive analytics.

Palavras-chave : Digital Twin, fuzzy logic, safety assessment, risk monitoring, waste sorting systems


