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Abstract: Existing seamless steel pipe surface defect detection methods depend on labeled samples. They
also rely on a single sensing modality and incur high hardware costs. They further struggle to simultane-
ously satisfy detection efficiency and accuracy requirements under industrial conditions. To address these
limitations, this paper proposed a defect detection method. The method is based on line laser scanning
with 2D and 3D fusion. A dedicated optical path was designed to acquire surface data. This design
achieved pixel-level alignment of grayscale intensity and depth information. A relative ratio method was
proposed to avoid calibrating surface reflectance under complex illumination. A parametric reference tem-
plate generation mechanism was further established. This mechanism enabled automatic recognition of
multiple pipe diameters and batch-level parameter reuse. A hierarchical relative-position computation strat-

egy was proposed for complex inspection environments. This strategy suppressed measurement disturbanc-
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es induced by conveyor belt vibration. A dual-comparison algorithm was developed, integrating grayscale

texture analysis with geometric deviation assessment. This algorithm identified typical surface defects, in-

cluding grooves, pits, perforations, and scale. Experimental results demonstrate that the system achieves

a comprehensive detection accuracy of 99.40%. The system reliably detects surface defects as small as

0.50 mm. This performance is maintained under a pipe transfer speed of 1. 2 m/s. The proposed system

realizes full circumferential coverage inspection of the steel pipe outer surface. It satisfies the accuracy and

real-time requirements of industrial online inspection.

Key words: steel pipe surface; defect detection; line laser; three-dimensional vision; pipe diameter mea-

surement
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Tab.1 Detection results of different defect types

Defect type  Samples /%  RM/% RF/%
Groove 100 98 2 —
Pit 100 99 1 —
Perforation 100 100 0 —
Scale (thin) 100 100 0 —
Scale (thick) 100 100 0 —
Normal sample 100 — — 0

Overall 600 99.40 0. 60
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