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Abstract: High-precision pose measurement of circular holes is essential for ensuring coaxiality during
hole-shaft assembly of precision components, including micro-thermocouples. For micro thick-walled
holes with diameters of 0. 03-3. 7 mm and a structural constant £>2.5, conventional three-dimensional vi-
sion systems are difficult to implement because of their complex hardware and imaging models. Moreover,
in monocular backlight imaging, wall occlusion produces blurred light-spot edges at tilted poses, thereby
reducing measurement robustness. A dual-mode pose-measurement method based on grayscale integral
projection is proposed for monocular backlight imaging of thick-walled circular holes. A geometric back-
light-imaging model establishes the relationship between light-spot morphology and hole inclination. For
coarse alignment, grayscale integral projection converts the two-dimensional image into a one-dimensional
transmitted-flux distribution, suppressing interference from locally blurred edges. A linear inverse model
is applied at inclination angles exceeding 70% of the theoretical cutoff angle to rapidly correct large angular
deviations. For fine alignment, a closed-loop extremum-search algorithm exploits the maximum transmit-
ted flux at the zero-pose condition to achieve sub-degree pose positioning. Experiments conducted under
large-inclination and burr-interference conditions achieved a detection success rate exceeding 91%. The
proposed method provides a low-cost and robust solution for circular-hole pose alignment in precision as-
sembly systems.

Key words: monocular vision; pose detection; thick-walled circular holes; grayscale integral projection;

precision assembly; dual-modal method
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Fig.1 Schematic diagram of cylindrical hole imaging
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Fig.5 Comparison of characteristic linearity of three algorithms under different working conditions
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