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Abstract

During production on the unpacking line, packaging materials such as plastic films, CAS, tobacco
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inward & outward cardboard boxes and binding bags must be removed from the tobacco bale. Dur-
ing logistics transportation, due to rough handling, the packaging material may getloose and misplaced,
and if unpacking manipulator is missing or fails to extract it, foreign objects will be able to pass through
and enter into the next process, resulting in poor quality of tobacco processing and equipment. This
paper presents an intelligent foreign object controlling system for unpackinglines based on enhanced
YOLOvV7-tiny visual model and digital twin technology. The system uses high-precision industrial cam-
eras to take real-time images during the unpacking process and the improved YOLOv7-tiny deep learn-
ing model for accurate localization and detection of foreign matter. An intelligent dynamic simulation
model of the entire unpacking line process is constructed using digital twin technology, which can map
the physical and virtual scenes in real time and make real-time decisions. Based on the experiments,
we can see that the improved detection model got a self-built dataset mAP of 98.6% and a detection
speed of 120 ms per frame, which had notable improvements in both precision and real-time capabil-
ity as compared with traditional methods. After the system is put into operation, the foreign object
detection rate of the unpacking line can reach 99.6%, and the downtime is reduced by 100%. The over-
all equipment efficiency improves by 3.2 percentage points.
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Figure 1. Unpacking line operation flowchart
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Figure 2. Model architecture design diagram of the YOLOvV7-tiny algorithm
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Figure 3. Schematic diagram of the twin system architecture
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Figure 4. Schematic diagram of digital twin 3D modeling structure
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Figure 6. Schematic diagram of the augmented reality processing guidance interface for mobile devices
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