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Robotic assembly of cylindrical shaft and hole parts based on 3D vison,
image detection and admittance control

CHEN Ping®, LI Can, LEI Xue-jun
(College of Mechanical and Vehicle Engineering, Chongqing University, Chongqing 400044, China)

Abstract: For robotic smooth assembly of cylindrical shaft and hole parts, a system for robotic automatic assembly
based on 3D vision, monocular vision and admittance control is established. The strategy for assembly of cylindrical
shaft and hole parts is proposed, integrating axis pose estimation based on 3D point clouds, object detection using image
deep learning, and admittance control. Aiming at the pose estimation of cylindrical hole parts based on 3D vision, an
algorithm of axis pose estimation based on 3D point clouds is studied. Firstly, the method of keypoint selection on 3D
point clouds is introduced. Then, based on the geometric constraints of point cloud surface normal and axis, the algorithm
of coarse axis estimation is proposed and analyzed. After that, based on the coarse axis estimation, the algorithm of axis
pose optimization based on iterative robust least squares is proposed and analyzed. The experimental results show that
the angle RMSE of estimated axis pose is 0.248° and the position RMSE of that is 0.463 mm. Compared to the existing
popular methods of axis estimation, the proposed method has the higher accuracy. The assembly strategy can meet the
requirements of high precision, stability and reliability in robotic assembly of cylindrical shaft and hole parts.

Keywords: 3D vision; monocular vision; 3D point cloud; admittance control; shaft and hole parts; robotic assembly
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