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Intelligent detection method for food packaging defects based on

improved U-Net and machine vision

OI Guohong' ZHANG Jing' LI Lili’
(1. Sias University, Zhengzhou, Henan 451100, China; 2. Henan Agricultural University, Zhengzhou, Henan 450046, China)

Abstract: [Objective] To address the issues of weak generalization, insufficient accuracy, and poor anti-interference ability in existing
intelligent detection methods for food packaging defects. [ Methods] On the basis of the intelligent sorting system for food packaging
defects, a method for intelligent detection of food packaging defects is proposed, which combines machine vision and an improved U-Net
model. By introducing a multi-scale residual convolution module into the convolution module, the method reduces the computational
complexity of the model and improves the training effect. By integrating channel attention, spatial attention, and multi-scale attention, a
lightweight hybrid attention module is constructed to achieve the synergistic effect of different dimensions of attention, strengthen the
model's feature extraction and anti-interference abilities for food packaging defects, and suppress complex background noise. Replacing the
max pooling layer in U-Net with soft pooling reduces feature information loss and preserves more defect feature details and edge
information. Model training and comparative experiments are conducted by building an experimental platform. [ Results] The proposed
method has excellent generalization ability in multiple types of food packaging defect detection tasks, with an average detection accuracy of
97.50%, which is 10.3% higher than that of the traditional U-Net model. The detection time for a single image is only 20 ms. The model

parameter size is 12.8 M. The missed detection rate is 1.1%, and the false detection rate is 0.5%. [Conclusion] This method effectively
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addresses the core pain points of existing detection methods, achieving an optimized balance among multi-scale defect detection accuracy,

model lightweighting, and real-time performance. It can quickly and accurately identify and locate food packaging defects.
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Structure of intelligent sorting system for food
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Figure 1
packaging defects
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Figure 2 U-Net model structure
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Figure 3 Multi-scale residual model
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Figure 4 Improved U-Net model structure
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Table 3 Results of ablation test
U-Net MA MSRB Softpool -1 i 411 /% T A% /% PRK /Y% R B 8] /s LI 28 /M
N/ 87.21.2 0.657-0.08 3.840.5 0.01674-0.002 10.50.3
N, N, 92.4+0.9 0.37+0.06 23404 0.017-+0.002 10.7+0.3
N, N, 91.71.0 0.40=-0.07 3.040.4 0.01874-0.002 11.70.4
NG N 91.0+1.1 0.42+0.07 32405 0.017+0.002 10.6+0.3
N, N, N, 95.3+0.8 0.220.05 1.24+0.3 0.019740.002 11.9+0.4
NG NG N 94.6+0.8 0.27+0.06 13403 0.018-0.002 10.8+0.3
NG N/ J 93.44-0.9 0.30-+0.06 1.6+0.4 0.01940.002 11.8+0.4
N N, NG N 97.54+0.7 0.11-+0.04 0.5+0.2 0.020-+0.002 12.8+0.4
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Table 4 Detection effectiveness of different methods

Tk PR BRI /% T A%/ % A/ % A6 00 At 1] /s B S 40 /M
SEEIAES S5 wiRvS 93.6+1.0 0.29+0.06 13+0.4 0.025-+0.003 1524+0.5
Mk YOLOVIO 94.84+0.9 0.26+0.05 12703 0.02074-0.002 22.540.7
47 RT-DETR 95.5+0.8 0.22+0.05 1.0+0.3 0.02240.002 19.7+0.6
I Ty 97.5+0.7 0.11+0.04 0.54+0.2 0.020-+0.002 12.8+0.4
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Table 5 Actual effects of different methods
) % 3% B 100 mm/s £ 3% T HE 200 mm/s
ik sk e WERE/AS R R % TR /A MBS O RIER A%
F 3 I X8 ) 43 77 1% 10 000 9 450 94.5 10 000 9170 91.7
Uik YOLOVIO 10 000 9550 95.5 10 000 9330 93.3
ik RT-DETR 10 000 9 630 96.3 10 000 9420 94.2
A YRS 10 000 9 830 98.3 10 000 9750 97.5
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