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Laser center extraction algorithm of metal workpiece surface
line based on principal component analysis

Zhou Yaluo' Zhang Jie' Jin Chengnan' Liu Wenguang” Zhang Ruicheng'
(1. College of Electrical Engineering, North China University of Science and Technology, Tangshan 063210, China;
2. Shougang Jingtang United Iron and Steel Co. , Ltd. , Tangshan 063200, China)

Abstract: In the surface measurement of metal workpieces based on line structured light, this paper proposes a laser
stripe centerline extraction algorithm based on improved principal component analysis to address issues such as strong
reflection and laser stripe breakage on the surface of metal workpieces. Firstly, for the irregular reflection of metal
workpiece surface, the optical fringe region of image was extracted based on maximal variance between clusters
(OTSU); Secondly, in response to the problems of high convolution operations, low efficiency, and poor real-time
performance of the Steger algorithm, an improved Steger algorithm based on principal component analysis (PCA) was
proposed. The covariance matrix of the gradient vector was constructed using PCA to estimate the normal direction of
the stripe, and the second-order Taylor expansion was used in this direction to obtain accurate sub-pixel coordinates of
the stripe center. The experimental results show that the algorithm proposed in this paper can effectively extract laser
stripe areas under severe reflection conditions on the surface of metal workpieces. At the same time, the standard
deviation of the extracted laser stripe centerline is reduced by about 0. 25 pixels compared to the grayscale centroid
method, and the speed is increased by nearly 13 times compared to the Steger algorithm. It can quickly and accurately
extract the laser stripe centerline, meeting the real-time detection requirements of structured light 3D vision.

Keywords: metal workpieces; morphology detection; linear structured light; center extraction; principal

component analysis
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Fig. 5 Process of extracting fringe center using PCA algorithm
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Fig. 8 Local magnification results
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Table 2 Standard deviation of laser fringe center line

extracted by each algorithm pixel
e Steger K F 38 i A3
%5 Bk GRS Steger B 1% Bk
1 0.3579 2 0.783 3 0.482 9 0.513 3
2 0.556 3 0.732 5 0.479 1 0.502 5
3 0.564 7 0.734 5 0.482 7 0.504 1
4 0.598 0 0.799 1 0.491 2 0.518 1
5 0.573 4 0.755 2 0.488 7 0.510 5
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Table 3 The running time of each algorithm to extract the

center line of laser fringe S
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Hvk EERINSGN Steger B % Bk
1 0.260 1 0.213 3 0.271 2 0.019 0
2 0.253 3 0.218 5 0.246 9 0.018 2
3 0.277 9 0.2019 0.272 9 0.024 0
4 0.265 5 0.213 9 0.272 4 0.0211
5 0. 260 5 0.213 5 0.272 5 0.019 5
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