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Visual Detection Method of Optical Lens Surface Defect Under
Dual Light Sources

Xu Shungqin, Yang Lihong’, Fu Qinyue, Chen Qianxi, Li Xingyuan, Ge Hang
College of Photoelectric Engineering, Xi’an Technological University, Xi’an, 710021, Shaanxi, China

Abstract Aiming at the problems of low contrast of the optical lens image and low recognition rate of optical lens surface
defects under single illumination when detecting optical lens surface defects by machine vision, a visual detection method
of optical lens surface defects under dual light sources is proposed. According to the scattering imaging principle, the
optical lens images containing defects are obtained by using the image sensor under two different illumination modes, the
forward light and the backlight, and then the images are fused into one image by the image fusion algorithm. Finally, the
defect size information of optical lens surface is obtained by using the recognition algorithm. Two different defects
(scratch, pitting) are detected, and the test results of this system are compared with the processing results of the ZYGO
interferometer, and the comparative results show that the pitting error and the scratch error of proposed method are less
than 2.7% and 0.8%, respectively, the detection efficiency is inproved by 98.24% compared with the interferometer,
and the detection time is shortened. Compared with the detection method under single illumination and manual detection,
the identification rate and accuracy of defects detected by the proposed method is higher.
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Fig. 1 Structure of the critical defect detection device
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Fig. 2 Images acquired from the lenses under different illumination. (a) Surface image collected under forward light; (b) surface image

collected under backlight
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Fig. 3 Telecentric lens imaging features
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Fig. 4 Two light source illumination modes. (a) Ring-light source illumination mode; (b) parallel backlight source illumination mode
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Fig. 5 Flow chart of image processing
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Table 1 Calibration parameters

Calibration parameters of the imaging system

A single pixel wide (S,) /pum 3.44961

A single pixel high (S,) /pum 3.45
Magnification /times 0. 801082
X rotation direction /(%) 357.985
Center point 2 coordinates (C,) /pixel 1223. 81

Center point y coordinates (C,) /pixel 1024. 02
Medium image wide /pixel 2448
Medium image high /pixel 2048

Y rotation direction /() 358.914
Z rotation direction /(°) 3. 24858
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Table 2 Error analysis

Number Defect ZYG() interferometér /pm A System test /prTl Error ratio /%
Width Diameter Width Diameter
1 Pitting — 17.484 — 17.695 1. 206
2 Pitting — 7.596 — 7.394 2.659
3 Pitting — 42.325 — 41.975 0.826
4 Pitting — 53.235 — 53. 297 0.116
5 Pitting — 96. 533 — 96. 505 0.029
6 Scratch 8.412 — 8.430 — 0.214
7 Scratch 15.196 — 15. 303 — 0.704
8 Scratch 28.495 — 28.551 — 0.196
9 Scratch 37.623 — 37.627 — 0.011
10 Scratch 67.769 — 67.892 — 0. 181
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Fig. 6 Images acquired from optical lenses under different light sources. (a) Forward light defect image; (b) backlight defect image
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Table 3

Lens defect detection results

Detection method

Total number of defect

Number of piting Number of scratch

Forward light detection 15
Backlight detection 14
Image fusion detection 25

5 10
8 6
13 12

K4 AERERMEER T ZY GO I K A A I 25 H /T 1

Table 4 Comparison among system detection results, ZYGO detection results and manual detection results

Scratch maximum

Scratch minimum

Piting maximum

Piting minimum

Detection method i ) ) } Time /s
width /pm width /pm diameter /pm diameter /pum
System 713. 808 23.800 63. 297 34.035 5.327
7ZYGO 713.625 24.575 63. 398 34.021 304. 000
Manual 710. 000 30. 000 60. 000 30. 000 —
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