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Research on Metal Surface Defect Detection Algorithm Based on Yolov11

Wei Yanyan

Zhejiang Normal University, China Zhejiang Jinhua 321000

Abstract: To address the problem of weak response and susceptibility to background noise in small defect features such as
pits and bumps on the three-dimensional morphology of thermos cups, a detection algorithm based on an improved YOLOv11
is proposed. A multi-branch coordinate attention network (MCA-Net) is constructed, embedding a YOLOv11 small-scale
detection head, forming a "local enhancement—global modeling" cascade framework. Experiments show that MCA-Net-
YOLOVI1 achieves mAP@0.5 and mAP@0.5:0.95 of 0.752 and 0.756, respectively, representing improvements of 29.7% and
83.9% compared to the baseline, with an F1 score of 0.77. Ablation experiments and visualization verified the collaborative
enhancement effect of the modules, effectively solving the challenge of detecting small three-dimensional defects on complex
curved surfaces.

Keywords: Metal surface defect detection; YOLOVI11; Coordinate attention; Multi-branch aggregation; Small target detection;
Three-dimensional morphology
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