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Abstract
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The three-dimensional position information of the defect is obtained by image processing technique
laser beam

In order to detect the internal defects of the optics effectively, the scattering images of the defects are
obtained after multiple total internal reflections of the laser beam in optics using total internal reflection technique

measurement
resolution

i such as ellipse
fitting based on least squares method. The proposed method is verified experimentally, and the experimental results
can detect the defects of large optics effectively
and factors that limit the system resolution are analyzed. The results show that the system resolution can be
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show that 35 scans can complete defect detection of large optics with size of 150 mm X 120 mm X 20 mm. The
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positioning accuracy of the defect depth for samples to be tested is smaller than 150 pm. It indicates that the method
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Furthermore, the error sources that influence experimental result
depth detection for defect
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effectively increased by increasing the lateral resolution of the imaging system or reducing the cross-section width of
total internal reflection

large optics
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Fig. 1 Schematic diagram of total internal reflection technology
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Fig. 2 Beam path diagrams of laser in optics. (a) Defect 1; (b) defect 2
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Fig. 3 Defects' microscopic images of the sample to be tested. (a) Surface of the sample; (b) inside of the sample
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Fig. 4 Layout of defect detection in optics
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Fig. 5 Schematic of laser scanning in optics
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Fig. 6 Defect scattering images of the sample to be tested. (a) Original image; (b) magnified spot of the
total reflection line; (c¢) magnified spot of the defect; (d) contrast enhanced spot of the total reflection line;

(e) contrast enhanced spot of the defect
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Fig. 7 Original and processed images of internal defects obtained by the first scan. (a) Original image;
(b) grayscale image; (c) image after contrast enhancement; (d) binary image; (e) image after edge extraction;
(f) ellipse fitting and location
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Table 1 Data of internal defects of the sample to be tested obtained by the first scan

Number of defects shown in Fig. 7

1 2 3 4 5
X /pixel 443.0357 455.6357 166.4357 476.6357 489.2357
Y /pixel 411.0000 411.6000 411.0000 412.2000 410.4000
Ayl /mm 3.9100 3.9680 3.9100 4.0261 3.8520
¢ /mm 2.2575 2.2910 2.2575 2.3245 2.2240
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Table 2 Results of the surface defects of the sample to be tested obtained by the 15" scan

Number of detects shown in Fig. 8

1 2 3 4 5
X /pixel 736.5739 747.7406 759.1406 771.3509 782.2268
Y /pixel 515.3700 515.0400 515.3867 514.6386 515.4254
|Ay| /mm 0.1207 0.0888 0.1224 0.0500 0.1261
+ /mm 0.0697 0.0513 0.0706 0.0289 0.0728
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Fig. 8 Original and processed images of the surface defects obtained by the 15™ scan. (a) Original image;
(b) grayscale image; (c) image after contrast enhancement; (d) binary image;
(e) image after edge extraction; (f) ellipse fitting and location
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Fig. 9 Three-dimensional maps of defects distribution for the (a) whole and (b) part of the sample to be tested
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Fig. 10 Comparisons of measured and true values for the defect depth of the sample to be tested.

(a) Internal defect; (b) surface defect
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Fig. 11 Cross-sectional schematic of laser propagation in optics
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