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Abstract: To address the current reliance on manual measurement for the roundness of large-
diameter steel pipe ends, an efficient and accurate fully automated online measurement solution is
proposed. A laser scanner is employed to acquire a 3D point cloud of the steel pipe ends, and a
method combining the minimum orthogonal projection area method with mini-batch gradient
descent (MBGD) is proposed to precisely determine the principal axis direction of the steel pipe.
For roundness measurement, the ordinary least squares (OLS) method is combined with the
differential evolution (DE) algorithm, and a roundness evaluation method based on the minimum
zone roundness is established. Additionally, chaotic inertia weights are introduced during the
mutation phase, effectively avoiding local optima and thereby improving evaluation accuracy.
Experimental results demonstrate that the proposed method achieves an accuracy of 0. 1 mm, meeting
the roundness measurement requirements specified in the API 5L standard for steel pipe ends.

Key words: 3D point cloud; roundness; principal axis orientation; differential evolution
algorithm; non-contact measurement
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Table 2 Measurement values of principal axis
orientation deviation angle
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