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Research on the Recognition Algorithm for Special-Shaped Parts Based on

Bidirectional Contour and Hierarchical Optimization Matching

An Xiaodong, Zhong Jia, Li Yang, Liu Liu, Wei Liujie
(School of Mechanical Engineering, Zhengzhou University of Aeronautics, Zhengzhou 450046, China)
Abstract: To address the pose recognition challenges of special—shaped micro parts caused by weakened geometric features and
significant image distortion in industrial vision inspection, this study proposes a general recognition algorithm based on
bidirectional contour characterization and multi —level matching optimization. Initially, The part image is segmented through
binarization, and connected region detection is performed to obtain key geometric features. The front and back sides of the part
are distinguished by the inner and outer circle radius features. Subsequently, a multi—layer optimization matching strategy is
proposed, constructing a coarse—to—fine optimization search path, which reduces algorithm complexity while ensuring matching
accuracy and effectively overcoming the influence of projection distortion on pose estimation. Experimental results demonstrate
thatwithin the feature scale range of 0.5-5 mm, the algorithm remains stable under disturbances such as complex illumination
(80-800 Lux) , achieving an average recognition accuracy of 99.87%—100% and a pose estimation error of <0.05 mm/0.5°.
This provides an extensible theoretical framework and technical implementation path for the intelligent inspection of micro
special —shaped parts.
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