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Three-Dimensional Shape Measurement Method for Internal
Surface in Confined Space
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Abstract A three-dimensional (3D) shape measurement method for confined space using an optical tube is
proposed. Considering small cross-sectional area and high reflectivity, a optical tube is designed for image
transmission. With the optical tube, fringe patterns can be easily projected onto internal surface from external space.
The collected images transferred from interior space to external space are recorded by CCD. Accordingly, shade and

occlusion caused by the limitation of measurement space are avoided and 3D shape measurement for internal surface of
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confined space is realized. Experimental results show feasibility and validity.
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Fig. 1 Model of fringe projecting 3D imaging system
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Fig. 2 (a) Traditional 3D imaging model; (b) 3D

imaging model of confined space using an optical tube
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Fig. 3 Schematic design of the 3D measurement

system of confined sapce
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Fig. 5 Image of soldering junction inside the spout
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Fig. 6 Shape measuring result of the inner surface of glass.

(a) Side view of the glass; (b) 3D measuring result
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Fig. 7 Measuring result of soldering junction inside the spout. (a) Deformed fringe image; (b) wrapped phase map;

(¢) unwrapped phase map; (d) 3D reconstruction
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Table 1 Distance of point clouds to fitting plane

Max /mm Average /mm Std. Dev. /mm
0.0632 0. 0086 0.0071
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