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Abstract To meet the demand for high-precision detection and location of surface defects in industrial inspection,
this paper proposes a defect feature reconstruction method. A texture camera is added to the three-dimensional (3D)
reconstruction system of binocular grating projection to realize the texture mapping of the reconstructed point cloud
model. The 3D reconstruction of surface features can be realized using the feature regions extracted from the image
captured by the texture camera. Since the object needs to be reconstructed from multiple perspectives, a precision
turntable is introduced. The rotation axis calibration method is used to obtain the projection relationship between the
texture image and the point cloud data at different rotation positions, and the judgment method based on the distance
criterion is employed to eliminate the occluded part of the point cloud. Finally, the pixel coordinates of the texture
image are located in three dimensions by four-quadrant proximity search and linear interpolation based on distance
weighted average. The experiments complete the reconstruction of the pixel points in the marked defect contour in
the image and realize the accurate size calculation and location of surface features. The reconstructed defect size and
position are calculated which are then compared with the results measured by an optical image measuring
instrument. The results show that the measurement error of the proposed solution for the 3D sizes and positions of
defects is no more than 0.2 mm, and the areas of defects can be calculated more accurately.
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Fig. 3 Comparison of effect of texture mapping before and after occlusion judgment. (a) Original point cloud data; (b) direct

mapping result; (c) texture image; (d) mapping result after occlusion judgment (eliminated points are displayed in black)
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Fig. 8 Reconstruction results of 5 scratches on the inner surface of the test object 1. (a) Reconstruction result obtained by

the interpolation method proposed in this paper; (b) reconstruction result by using the method of direct searching to

find the point cloud in the contour
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Table 1

Defect width measurement data and error

Defect serial Width measured by image

Average width measured by

Max error /mm Average error /mm

number measurement instrument /mm method in this paper /mm
1 0. 643 0.715 0.113 0.072
2 0. 906 0.968 0.167 0.090
3 1. 308 1. 342 0.127 0.109
4 1. 481 1.558 0.123 0.086
) 1.722 1.761 0.091 0.041
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Fig. 11 Defect distance measurement data and error
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Table 2 Simulated defect area measurement results

Defect serial number 1 2 3 4 5 6
Theoretical value /mm® 30. 000 30. 000 19. 635 8. 000 4. 000 3. 897
Interpolation area /mm® 28.970 24.221 15.143 3.201 3. 657 4,321

No interpolated area /mm® 24.119 14.737 13. 641 2.543 1.758 1.194

Defect serial number 7 8 9 10 11
Theoretical value /mm® / / 5. 000 / /
Interpolation area /mm’ 105. 716 12.412 5.022 18. 957 198. 860

No interpolated area /mm’ 97.463 8. 801 2.974 15. 955 229. 853
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