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Research on multi-dimensional defect detection technology for
cylindrical battery shells based on improved YOLOv8n
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Abstract: The multi-dimensional defect detection of cylindrical battery shells is a critical technology for ensuring the quality and safety of
lithium batteries. Due to the different processes involved in production and transportation, defects may occur in each part of the
cylindrical battery shells. To solve the problem of low detection accuracy in existing methods when handling the diverse and variably
scaled defects of cylindrical battery shells, this study designs an image acquisition system based on the characteristics of each part of the
battery shells and constructs a multi-dimensional defect dataset. Additionally, a multi-dimensional defect detection technology is
proposed based on an improved YOLOv8n. Firstly, the switchable atrous convolution is used in the C2f module to improve the multi-
scale feature extraction capability. Secondly, the down sampling module is refined by combining average pooling and max pooling
strategies, reducing the spatial dimensions of feature maps while retaining key information. Finally, the LSKA attention mechanism is
introduced to enhance the fusion effect of multi-scale features. Experimental results show that the improved YOLOv8n model achieves an
average detection accuracy of 77. 4% on a custom cylindrical battery shell defect dataset, which is 4. 3% higher than the original model.
Furthermore, the computational load is reduced by 17%, the model size is only 6 MB, and the detection speed reaches 177 FPS,
meeting the requirements for real-time industrial mass detection.
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Table 1 Defect counts before and after data augmentation
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Fig.5 Typical defects in various parts
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Table 3 C2f-SAC module experimental results
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Table 4 IDown module experimental results
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Table 5 LSKA attention mechanism experimental results

TS  k.size P/% R/% mAP/% BEE/M  FPS/(Wfi-s™')
1 70.1 70.3  73.1 3.01 232
2 7 74.1 68.4 74 3.11 187
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4 23 72.0 70.7 74.8 1 182
5 35 68.8 70.4 72.5 3.12 171
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Table 6 Ablation experiment results

K5 C2f-SAC  IDown LSKA P/% R/ % mAP/%  BE0E/M  HER/(FLOPs/G) FPS/(M-s™') R K/N/MB
1 70. 1 70.3 73.1 3.01 8.1 232 6.0
2 4 68. 1 73.4 75 3.45 7.4 196 6.6
3 Vv 71.1 73.5 74.5 2.60 7.3 217 5.2
4 vV 72.0 70.7 74.8 3.11 8.9 182 6.5
5 Vv vV 74.4 74.1 76. 4 2.89 6.7 179 5.8
6 vV VvV 75.3 72.3 76.0 3.40 8.2 164 6.8
7 VvV vV 71.8 72.2 75.1 2.69 7.4 176 5.4
8 vV vV Y 75.8 71.5 77. 4 2.98 6.7 177 6.0
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Table 7 Models comparison experiment results
T P/% R/% mAP@0.5/% S/ ARG FPS/(i-s™") FHI AN/ MB
YOLOv5n 69.9 70.0 72.9 3.01 7.1 225 5.1
YOLOvS5s 74.7 68. 4 73.4 9.11 23.8 130 17.7
YOLOv6n 71.0 66.5 70.7 4.2 11.8 222 8.3
YOLOv6s 68.0 70.3 72.5 16.3 44.0 116 31.3
YOLOv8n 70. 1 70.3 73.1 3.01 8.1 232 6.0
YOLOv9t 71.3 66.9 71.4 2.6 10.7 110 5.9
YOLOv10n 64.0 61.8 66. 4 2.6 8.2 222 5.5
YOLOv10m 68.7 67.8 70.9 16.5 63.5 60 31.9
RT-DETR 64. 1 65.2 67.3 32.0 103.5 98 66. 2
Our model 75.8 71.5 77.4 2.98 6.7 177 6.0
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(a) YOLOV8n detection results
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(b) Improved YOLOvS8n detection results
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Fig. 6 Comparison of detection results
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