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Research on Pose Detection of Shaft and Hole Parts Based on Monocular
Endoscopic Imaging

LIRong  JIN Ziyuan WANG Huajian LIU Jian YIN Shaohui

National Engineering Research Center for High Efficiency Grinding. Hunan University, Changsha, 410082

Abstract: To ensure the quality of endoscopic imaging for detecting surface defects in inner holes of
complex shaft parts and to avoid collision and scratching between the endoscope and the workpiece, a
method was proposed herein for detecting the pose of shaft-hole parts based on monocular endoscopic imag-
ing. Considering the characteristics of monocular endoscope imaging with many interference contours, a
method was proposed for removing interference contours based on length constraint and minimum enclosing
circle constraint. The improved Otsu method was adopted for image threshold segmentation, the Suzuki
contour extraction algorithm was chosen for edge contour extraction, the proposed interference contour re-
moval method was used for target contour selection, and the radial search was employed to extract the con-
tour point set of the target inner hole. Considering that the contour point set was discrete and contained er-
ror points, and that incomplete target contours were caused by uneven illumination when the endoscopic
light source was significantly offset in position and orientation, an ellipse detection algorithm was proposed
based on contour restoration. Finally, considering the ambiguity problem in pose solving, a disambiguation
method was proposed based on angle constraint and grayscale distribution, which leveraged the characteris-
tics of endoscopic imaging: only circular features, rich grayscale information, the part being moved by the
manipulator during pose detection, and the center of the inner hole being close to the optical axis. Experi-
mental results verify the effectiveness of the proposed pose detection algorithm herein. The position detec-
tion accuracy in the X and Y axis directions is 0. 062 mm, and the attitude detection accuracy around the X
and Y axes is within 1. 4", which meets the requirements of enterprises.

Key words: pose detection; endoscopic imaging; ellipse detection; ambiguity removal; edge extrac-
tion; image segmentation
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Fig.1 Appearance and profile of shaft part
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Fig.2 Surface defect detection equipment & imaging
scheme of the shaft-hole part based on machine vision
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Fig.3 Four typical postures
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Fig.4 Small end-face imaging with different
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Fig.5 Comparison results of different

segmentation algorithms
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Fig.6 Comparison results of different threshold
segmentation algorithms for inner hole with

partially missing contour
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Tab.1 Efficiency comparison of different contour
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Fig.8 Removal results of interference contour based on

length constraint
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Fig.9 Removal results of interference contour based on

length constraint and minimum envelope

circle constraint
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Fig.10 Extraction of object contour points based on

radial search
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Fig.12 Detection results of different ellipse

detection methods
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Fig.13 Flow chart of ellipse detection algorithm based

on contour restoration
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Fig. 15 Ellipse detection result based on

contour restoration
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Fig.17 Schematic of the region corresponding to the

angle range
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Tab.4 Ambiguity judgment table based on

angle constraint
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with different translation along XY axis
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Fig.25 Influence of noise disturbance
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