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Visual Measurement Method for Transparent Elements Based on
Sub-Pixel Image Mosaics

Li Shilin"?, Dai Songxin"*, Hu Zhongwen'’, Ji Hangxin'
'Laboratory of Astronomical Spectroscopy and High Resolution Imaging, Nanjing Institute of Astronomical
Optics & Technology, National Astronomical Observatories, CAS, Nanjing 210042, Jiangsu, China;
*School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 100049, China

Abstract A vision measurement scheme based on sub-pixel image stitching is proposed to solve the problems of unclear
features of transparent optical elements, difficulty in the large field of view, and high-precision dimension measurement by
machine vision. Furthermore, the rotation angle between the camera coordinate system and the world coordinate system is
calibrated in the proposed scheme to obtain accurate scale factors and image-matching results. The rotation angle of the
image coordinate system is less than 0. 1° after correction. Additionally, feature matching of transparent components is
achieved by adding a grid background. The proposed registration algorithm based on sliding window pre-matching and
random sampling consistency to screen the best offset vector increases the image mosaic accuracy to attain 0. 05 pixel,
which is significantly improved compared with the previous studies. The scheme is applied to the vision inspection system
of transparent optical elements. Under the condition that the moving accuracy is only 0. 02 mm, the image mosaic result
with an average error of 0.12 pixel is obtained, and the large field of view and high-precision size measurement of
transparent optical elements are realized.

Key words machine vision; visual inspection; transparent optical element; calibration; subpixel; image mosaic; random

sampling consistency
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Table 1 Test results of offset vector ~ unit: pixel
No. T, T/, AT, T, . AT,
1 1.10  1.07  0.03 1.10 1.05  0.05
2 2.20 2.17  0.03 2.20  2.13  0.07
3 2.65 2.62  0.03 2.65 2.66 0.01
4 3.15  3.10  0.05 3.15  3.07 0.08
5 3.30  3.28 0.02 3.30  3.29 0.01
6 4.40  4.37  0.03 4.40 4.32 0.08
7 5.50 5.53  0.03 5.50  5.42 0.08
8 6.60 6.61 0.01 6.60 6.68 0.08
9 7.75 7.84  0.09 7.75 7.67 0.08
10 7.70 7.74  0.04 7.70  7.67 0.03
11 8.50 853 0.03 8.50  8.47 0.03
12 8.80 883 0.03 8.80  8.77 0.03
13 8.85 895 0.10 8.85 8.8 0.01
14 9.90  9.93 0.03 9.90 9.93  0.03
15 10.00  9.99  0.01 10.00 10.00  0.00
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Table 2 Pixels per unit length compared at stitching and

unstitched area unit: pixel

No. Stitching area  Unstitched area Error
1 218.89 218.78 0.12

2 218.74 218. 80 0.05

3 218.93 218.78 0.15

4 218.71 218.82 0.10

5 218.82 218.85 0.03

6 218.93 218.76 0.18

7 218.74 218.70 0.03

8 218.94 218.71 0.23

9 219.02 218.82 0. 20
10 218.94 218.85 0.08
Average 218.87 218.79 0.12
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Fig. 10  Optical element splicing. (a) Image acquisition; (b) image after removing background
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Table 3 Comparison between visual measurement and manual

measurement unit: pm
No. Artificial Visual
1 19945 19943. 88
2 19948 19949. 07
3 19946 19948. 35
4 19946 19944.82
5 19945 19948. 21
Average 19946 19946. 86
-+ N
4 % Te
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