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Research on human-machine collaboration technology in intelligent manufacturing systems

Xin Wang

Jiangsu University of Technology, Changzhou, Jiangsu

[ Abstract] Human-machine collaboration technology is a key enabling technology for achieving efficient,
flexible, and safe production in intelligent manufacturing systems. This paper systematically reviews the research
progress of human-machine collaboration technology in intelligent manufacturing systems from 2019 to 2024. First,
it elucidates the historical context and strategic significance of the development of human-machine collaboration
technology, analyzing the profound transformation of human-machine relationships from coexistence, interaction,
and cooperation to collaboration and even symbiosis during the evolution from Industry 4.0 to Industry 5.0. Second,
it focuses on reviewing the current research status of core technologies such as intelligent control of collaborative
robots, safe human-machine interaction, human factors engineering and intelligent task allocation, digital twins, and
augmented reality assistance. It also delves into the implementation principles and application progress of key
technologies such as force control, visual servoing, collision detection, mutual cognitive interaction, and remote
collaboration. Furthermore, it analyzes the role of digital twin technology in virtual-real mapping and collaborative
optimization in human-machine collaboration, as well as the application value of augmented reality technology in
improving the cognitive abilities and collaborative efficiency of operators. Finally, the future development trends of
human-machine collaboration technology are discussed from the perspectives of cutting-edge areas such as cognitive
manufacturing, intelligent predictive collaboration, and remote collaboration in hazardous environments. This paper
aims to provide theoretical reference for in-depth research and engineering applications of human-machine
collaboration technology in intelligent manufacturing systems.

[ Keywords] Human-machine collaboration; Intelligent manufacturing; Collaborative robots; Safe interaction;

Digital twin; Augmented reality; Human factors engineering
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