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Lightweight YOLOv7-based Defect Detection Technology for End Face of
Cigarette Set in GDX2 Packaging Machine
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ABSTRACT: In view of the fact that the current detection technology for the end face defects of cigarette sets cannot
accurately identify specific defect types, does not take into account the limitations of identifying filter nozzle deformation
or smoke foam inclusion, and has insufficient detection accuracy, the work aims to introduce a detection strategy based on
lightweight YOLOv7 model. An image acquisition system was designed and installed on the GDX2 packaging machine,
and the YOLOV?7 architecture was customized by integrating lightweight network structures ShuffleNetV2, DWConv and
DSConv, which effectively reduced the number of model parameters and accelerated the training and reasoning process.
Combined with the SimAM attention mechanism, the model's ability to pay attention to minor defect features was further
enhanced, and the accuracy of minor appearance defect recognition was significantly improved. The experimental results

showed that the number of parameters and calculation amount of the proposed algorithm decreased by 85% and 81%, and
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the value of mAP@0.5 reached 0.973. The average accuracy of filter deformation and smoke inclusion among defect types

reached 0.978 and 0.945, respectively. At low computing power (11.15 TFLOPS), the system's reasoning time was as low

as 1.98 ms. This technology has been applied to the detection of end face defects of GDX2 cigarette packaging machine,

which can effectively improve the comprehensive performance of defect detection and provide an efficient and

economical appearance quality control solution for the tobacco industry.

KEY WORDS: deep learning; cigarette; defect detection; lightweight
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Fig.1 Appearance defect detection system of
cigarette set
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Fig.2 Tobacco part image acquisition module (a) and filter part image acquisition module (b)
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Fig.5 Schematic diagram of improved YOLOvV7 network structure
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Tab.2 Ablation test result of model

BRE R ShuffleNetV?2 SimAM  DSConv DWConv mAP@0.5:0.95 16 Z%#/M HHEH/G
1 x x x x 0.941 5.74 13.2
2 x x V \ 0.932 3.62 9.5
3 \ Y x x 0.955 3.45 6.4
4 V V V \ 0.956 0.84 2.5
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Tab.3 Detection accuracy of 4 algorithms on tobacco dataset
‘ PN
5 ik Ak \ — - ——  mAP@O.5 K
IE W 22 2y 253k (37 JeIR
Faster-RCNN (150 ) 0.99 0.99 0.99 0.834 0.985 0.855 0.941
1
Faster-RCNN (r101 ) 0.99 0.99 0.995 0.886 0.994 0.965 0.97
EfficientDet ( b0 ) 0.988 1.0 0.998 0.835 0.945 0.979 0.956
2
EfficientDet ( b3) 0.988 1.0 0.999 0.864 0.943 0.909 0.951
YOLOv7-Tiny 0.998 0.999 0.998 0.886 0.921 0.93 0.955
3
YOLOv7 0.997 0.996 0.998 0.841 0.9 0.869 0.934
4 Ours 0.995 0.995 0.995 0.931 0.978 0.945 0.973
x4 TEABEZENSYE. TEE. BEFESABRREERNE
Tab.4 Parameter number, computation amount, memory usage and inference time of different algorithms
" . FHE B 7] /ms
EReS 2 RF AN ZH /M AR/ A7/ MB
GPU CPU
YOLOv7-Tiny 5.74 13.2 671 3.90 63.9
1
YOLOv7 25.5 105.2 1043 21.79 308.2
Faster-RCNN (50 ) 41.364 111.785 1 449 37.5 961
2 Faster-RCNN (r101 ) 60.356 142.47 1523 44.18 1 054
EfficientDet ( b0 ) 3.9 3.613 1331 45.66 504.75
3 EfficientDet ( b3) 11.908 11.785 1371 67.16 1067.38
4 Ours 0.84 2.6 297 1.98 41.1
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