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Study on a method for evaluating geometric tolerances
based on monocular rotational vision

wu Enqi* , YU Guibang, LI Qi, LU Ding
(School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: To address the lack of depth information and weak noise resistance of monocular cameras in geometric toler-
ance measurement, a comprehensive geometric tolerance measurement system based on monocular rotational vision is pro-
posed. At the algorithm level, a sub-pixel edge extraction framework integrated with the SwinIR super-resolution network is
constructed. It is used to overcome the loss of image details caused by undersampling in industrial images. To reduce the in-
fluence of small outliers and the computational burden in large-scale point cloud processing, an improved iterative reweighted
least squares method is proposed. This method combines a trust-point mechanism with the homotopy method. It accelerates
nonlinear convergence and significantly improves the accuracy of shape fitting. Furthermore, homography transformation is
used to establish multi-view feature matching constraints. A stereo view-cone intersection algorithm is also derived. This
method eliminates the spatial circle-center drift caused by perspective distortion from the underlying projection mechanism. It
also reconstructs high-precision spatial geometric feature parameters. Experimental results show that the geometric tolerance
measurements of positioning blocks and stepped shafts are highly consistent with those obtained by a coordinate measuring
machine. The absolute errors are stably controlled within 0.04 mm. This study realizes three-dimensional feature reconstruc-
tion and comprehensive evaluation of multiple geometric tolerances based on monocular rotational vision. It improves inspec-
tion efficiency while maintaining high measurement accuracy. It can provide an effective solution for online quality control in
precision manufacturing production lines.
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~ . 1 0.2606 | 0.2984 | 0.0378 | 0.0378
LS 0-3 2 0.3224 | 0.2990 | 0.0234 | 0.0235
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