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[Abstract] As a key enabling technology for smart manufacturing, digital twin revolutionizes the design,
commissioning, and optimization of production systems by establishing a bidirectional dynamic mapping
between physical entities and virtual models. It offers immense value in shortening development cycles, reducing
trial—and—error costs, and enhancing operational efficiency. However, constructing a high—fidelity, real—time
interconnected digital twin production line faces three major technical challenges: difficulties in integrating
multi—source heterogeneous systems, insufficient accuracy of physical—virtual mapping, and complex control
logic.This paper aims to address the aforementioned challenges by clarifying the technical requirements of digital
twin production lines for modeling, real—time data interaction, and intelligent collaborative control. A complete
digital twin production line is constructed, encompassing an automated stereoscopic warehouse, annular
conveyor line, visual inspection station, and central control system. Three—dimensional visualization of the
production line is achieved through virtual scene construction; precise scheduling of production processes by
PLC (Programmable Logic Controller) is realized via modular control logic design; data barriers between PLC,
robots, and vision software are eliminated through multi—system communication integration. Finally, the
"physical—virtual linkage" and collaborative operation of the production line are verified through virtual
commissioning. The system achieves a recognition accuracy of 98.5% and an average single—cycle operation time
of 44.8 seconds, effectively meeting the technical requirements of shortening development cycles and reducing
trial—and—error costs. The proposed method holds significant application value for solving the rapid deployment
and commissioning of small and medium—sized smart manufacturing production lines.
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