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Abstract: In the cylindrical hole-shaft assembly process of precision components such as micro-thermocou-
ples, high-precision pose measurement of the circular hole is a critical step to ensure assembly coaxiality.
However, for micro thick-walled circular holes (with diameters ranging from 0.03 mm to 3.7 mm and a
structural constant £>2.5) , traditional 3D vision methods suffer from system complexity and modeling
difficulties. Furthermore, under tilted conditions, monocular backlight vision often experiences blurred
light spot edges due to hole wall occlusion, which degrades measurement accuracy and robustness. To ad-
dress these issues, this paper proposes a dual-modal high-precision pose measurement method for thick-
walled circular holes under monocular backlight vision, utilizing gray-level integral projection. First, by es-
tablishing a backlight imaging geometric model of the thick-walled circular hole, the mapping relationship
between the light spot morphology and the hole’s inclination angle is obtained. Building upon this frame-
work, a dual-modal pose measurement strategy combining a linear inverse solution for coarse adjustment
and an extremum search for fine adjustment is proposed: In the coarse adjustment stage, gray-level integral
projection based on global energy statistics is employed to reduce the two-dimensional image into a one-di-
mensional luminous flux distribution curve. This circumvents the interference of local edge blurring and ex-
tracts the horizontal characteristic width of the light spot. By leveraging its linear mapping characteristic un-
der large inclination angles (greater than 70% of the theoretical cutofl angle), a pose inverse solution mod-
el is constructed to achieve the rapid correction of large angular deviations. In the fine adjustment stage,
the system switches to a search method based on the transmitted luminous flux. Utilizing the physical prop-
erty that the luminous flux reaches a global maximum at the absolute zero-pose position, a closed-loop iter-
ative optimization is performed to achieve sub-degree, high-precision positioning of the circular hole's pose.
Experimental results demonstrate that under complex working conditions characterized by large inclination
angles and burr interference, the proposed method exhibits exceptional anti-disturbance robustness, achiev-
ing a detection success rate of over 91%. This effectively improves the accuracy and efficiency of precision
assembly, providing a reliable, low-cost solution for practical engineering applications.

Key words: thick-walled circular holes; monocular vision; pose detection; grayscale integral projection;
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Fig. 1 Schematic diagram of cylindrical hole imaging
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Fig. 2 Scanned imaging visual physical image
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Fig. 4 Comparison of gray-level integral projection fea-

tures between smooth and burred workpieces.
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Fig. 5 Comparison experiment of characteristic linearity
of the three algorithms under different working
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Tab.2 Comparison of comprehensive performance under various operating conditions
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