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Abstract

As an important basic raw material for manufacturing, surface defects such as cracks and inclusions
on steel plates will cause stress concentration of components and significantly reduce the service
safety performance of products. Traditional manual inspection suffers from low efficiency and fre-
quent missed-false detection, which cannot match the production rhythm of high-speed rolling lines.
Intelligent steel-plate defect detection based on machine vision and deep learning has become a
vital research direction for iron-and-steel intelligent manufacturing. Adopting a composite frame-
work of literature review, original algorithm design and industrial measurement, this paper ad-
dresses three major industrial bottlenecks: missed detection of small-target defects, limited com-
puting power of edge devices, and insufficient recognition capability of single-modal imaging. The
development routes of three generations of defect-detection technologies are sorted out. Quantita-
tive comparison experiments of multiple algorithms are conducted on the NEU-DET public dataset
to compare their mAP, parameter quantity and FPS indicators. Four key technologies are analyzed,
including lightweight single-stage network, CNN-Transformer fusion, 2D/3D composite imaging
and GAN sample augmentation. Combined with two practical steel-plant projects of hot-rolled coils
and heavy plates, industrial measured data such as defect detection rate and labor-cost saving are
provided. Practical engineering challenges including sample imbalance, model black-box property
and equipment investment cost for small-and-medium enterprises are discussed, and future devel-
opment trends of this field are prospected. Original Contributions: 1) The GhostNet+ShuffleNetv2
dual-backbone YOLOvV8-SP network is constructed, achieving 82.3% mAP on the NEU-DET dataset,
5.2% higher than YOLOv8-n. 2) The MobileNetv3-based lightweight YOLOv8-SPL model is estab-
lished, with only 1.89 M parameters and an inference speed of 326 FPS, suitable for deployment on
edge industrial control devices. 3) A complete deployment scheme and standardized debugging
procedure for 2D /3D joint imaging are proposed, providing measured references for the engineer-
ing application of steel-plate defect-detection equipment.
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