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[ Abstract ] With the deepening implementation of Industry 4.0, traditional industrial control systems face challenges in real-time

responsiveness, reliability, and flexibility when addressing flexible manufacturing and distributed production scenarios.
This paper aims to integrate fifth-generation mobile communication technology ( 5G ) with networked control systems

(NCS) to construct a novel industrial control system architecture that enhances performance in dynamic industrial
environments. The paper first designs a three-tier architecture comprising intelligent sensing and execution layers, 5G
communication network layers, and cloud-edge collaborative control layers, leveraging 5G network slicing and mobile
edge computing technologies to provide differentiated services for control operations. To address the impact of network
latency and packet loss on control performance, a composite control strategy combining fuzzy adaptive PID and
event-triggered mechanisms is proposed, along with a dynamic slicing resource scheduling algorithm based on service
prediction to optimize network resource allocation. Experimental validation through a collaborative simulation platform
demonstrates that compared to traditional architectures, the proposed solution effectively reduces communication
latency and packet loss rates in critical control loops, exhibits stronger robustness and stability under network
disturbances, and provides valuable theoretical references and practical pathways for the deep application of 5G in

industrial control fields.
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