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Simulation Research on Illumination Scheme for Bottom Defect
Detection of Metal Barrel

Qu Yongshun™, Yu Guiying, Zhang Baowu™, Zhao Meidan, Lin Ruijie
College of Metrology and Measurement Engineering, China Jiliang University, Hangzhow, Zhejiang 310018, China

Abstract In view of the difficulty in detecting the high reflective surface defects in the bottom of a large metal
barrel, an endoscopic illumination scheme is proposed. Comprehensively considering the structural and surface
characteristics of the metal barrel, a simulation study on the non-forward illumination scheme of the barrel bottom is
conducted based on the bidirectional scattering distribution function (BSDF). The results show that the illuminance
at the bottom of the barrel presents a good uniformity under theoretical conditions. The corresponding experimental
verification results indicate that the actual illumination conditions are basically the same as the simulation results.
The proposed scheme can obtain better image quality than the general illumination scheme.
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Fig. 1 Optical path diagram for endoscopic non-

positive illumination
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Fig. 3 Distribution map of target surface test areas
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Fig. 4 Structural model of bottom illumination system
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Fig. 6 Illuminance distributions and illuminance curves of target plane illuminated at different positions.

TR O W 17 T 6 537

5 2734 -216.3 -159.2 -102.1 -45 12.1 692 1263 1834 2406

1 317 888 1459 203 260.1317.
Verbcal

74.3 431.4 488.

BRI

light shield

K5 EERERGH
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Table 1 Illuminance uniformity of object surface illuminated at different positions

Serial Minimum Average Average Subject area Overall
number Distance/ mm illuminance /lux illuminance 1 /lux illuminance 2 /lux  uniformity /%  uniformity /%

1 550 105. 08 113.12 140. 12 92. 89 74.99

2 600 102. 11 110. 13 133. 22 92.72 76.65

3 650 99.13 107. 55 132. 84 92.17 74.62

4 700 98. 46 106. 51 130. 78 92. 44 75.29
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Table 2 Defect recognition for each illumination scheme

Illumination scheme Light detection method

Captured image

Defect image

(a) Off-axis illumination

by ring light source

(b) Forward illumination ;
by endoscopic ring light A\

source

() Non-forward ;E
illumination by i 5
endoscopic ring

light source
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