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Automatic defects detection method for transparent materials
based on sinusoidal structured light
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Abstract : Transparent materials are widely used in aerospace and optical equipment and other fields. But, due to their specular
properties and optical properties, such as transmission and multiple reflections, efficient automatic detection methods for their tiny
defects are difficult in the field. The main defect is the extremely low contrast of defect imaging. To obtain high-contrast images of
defects, the existing methods need to adopt complex system structures or repeated angle adjustments. In this article, based on the
modulation effect of defect morphology on structured light, a high-contrast defect imaging method with simple structure is proposed. The
method is not sensitive to camera angle. Compared with the current dark field illumination method, the experimental results in different
thickness defect specimens show that the contrast of the images collected by this method has an average of 27. 58% and a maximum of
37.41% improvement in the impact damage, scratches, and abrasion defects. The proposed method improves the defect contrast from the
perspective of imaging, and contains richer defect feature information. When using a variety of deep learning detection algorithms for
comparative experiments, the current best dark-field lighting method has a maximum mAP of only 34% , while the method in this article
is close to 80% , which is a significant improvement.
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Fig. 1 High-contrast defect detection method based

on sinusoidal structured light
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Fig.2 System optical path model
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Fig.3 Relationship between key system parameters

and defect contrast
2 KWAR

2.1 EReEiR

AR SCHF I A B s 2 A0 oA s 46345 S 9 DA G s 4%
IR, iRl R BT R AR SCR A 8 R TR R B i3
A 5 S AR AT S50, A 45 :1.2.3.4.5.6.8 Al 10 mm,
1 T A 50 B A K S8 44 K 300,200 mm, 1] 4 BB
PR, A TR BRI 5 6 A 4(b) Bis
BB , R 4 (b)) (R RE s T I e, R AT T EL R
MR AR i A B A A N BB HIL R e A
IRPER A IR R R [ B R o s v e R
A PERD IR X SR 2 43 6 AT 8 mm AYRPARAE IR
JEEEE

mitts | mOER ||

Sl
N7 | e B
(a) BRI R b (b) WA B

(a) Whole defect sample (b) Partial defect area

K4 sepEidir

Fig. 4 Defective samples

2.2 RERZS5EE

AR EGRERGNE S Fian, Hd Tl
MPLR G ER 5 MV-SUAS01GC 1 Tl AH#L 5 75K
MV-LD-12-10M-J /) Tl B3k A4

%ﬁf B

K5 RERG

Fig.5 Acquisition system

AR B I 5% 235 #4 5 R A 504 1R B g XoF R AR S
S IE 52 45 R 28 255 K FE IR LA B 128 JK JiE 4%
2 TS SR DA S IAN [ e g P A5OR 4 1 % LG
6 Jfd Y 3 FOLR SRk, Ho i ] 255 K
PRI B fofi T 128 R E Tl R R AR [ 22 B i 2 0 B A Oy =0k
SR A I 37 BRI | 5 55 AR SCOE 5% 25 #4061k i AT 0 G SE
B, AR R Tl AR B R 48 il b UG Tl AHATL 1 B '
AF 15 B A 18 ms, LAk 60 HH B BRGS0, RIS SCi%
SERARAFDCIE T By [a]— B B B, LAt/ oh 56 %

FRARN T,
(a) LI (b) DI (o) AT

(a) Sinusoidal structured light (b) Brightfield lighting

Ko JtilEz

Fig. 6 Light source patterns

(c) Darkfield lighting
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