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Abstract: Aiming at the random rotation angles, multi-scale characteristics, and low contrast with the bottle background of
wrinkles in bottled products, this paper proposes an improved YOLOv8-based wrinkle detection model for bottled products. The model
utilizes the Sobel operator to extract edge features and enhances edge extraction capability in low-contrast regions by fusing edge
features with spatial features. By integrating convolution and additive attention mechanisms, the YOLOvV8 model can simultaneously
extract global and local features of the image, improving its ability to feature fusion wrinkles of different scales and enhancing
robustness against rotated targets. The fast spatial pyramid pooling module is replaced with an intra-scale feature interaction module

based on attention, strengthening the backbone network's ability to extract wrinkle features within the same scale and decoupling
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feature extraction from multi-scale feature fusion tasks. The path aggregation network is improved using a bidirectional feature pyramid

network, which dynamically adjusts feature weights through weighted feature fusion to enhance the model's feature fusion capability.

Based on this model, a wrinkle detection system for bottled products is constructed. Experimental results show that the improved

YOLOv8 model achieves an AP50 of 82.3%, a 6.6% improvement over the YOLOv8-OBB model, demonstrating superior performance

in wrinkle detection for bottled products. Verified on actual production lines, the system meets industrial requirements in terms of

detection accuracy, inference speed, and stability.

Keywords: bottled products wrinkle detection; improved YOLOVS; Sobel operator; additive attention mechanism; attention-

based intra-scale feature interaction module; bidirectional feature pyramid network
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