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Surface Defect Detection System of Glass

ZHANG Cai-xia, CHEN Xiao-rong, XU Yun-jie, WEI Zhi-hao, ZHOU Shu-chen

(University of Shanghai for Science and Technology, Shanghai 200093, China)

ABSTRACT: Aiming at the four major defects such as scratches, missing points, stones and watermarks on the glass
surface, the work aims to study a method for detecting surface defects of glass based on backlight illumination, and pro-
pose an improved K-means clustering algorithm for watermark defect detection. First, the glass image was acquired by the
designed image acquisition system, and the background of the acquired image was estimated. Then, based on the gray
difference between the watermark defect and the other three types of defects, the defective glass was divided into two
categories to complete the rough classification of the defects. Next, the edge detection algorithm was used to process the
glass image with such defects as scratches, missing points and stones, and the improved K-means clustering algorithm
combining Otsu threshold segmentation method and compensation coefficient f' was used to process the glass image with
watermarks. Finally, the identification and marking of four defects on the glass surface were completed. The experiments
showed that the system was easy to operate, the algorithm was low in complexity, the accuracy of defect identification
was high, and the detection speed was fast. Through the above-mentioned glass surface defect detection system, four ma-
jor defects on the glass surface can be accurately and efficiently detected. The improved K-means clustering can accu-

rately detect watermarks. It overcomes the shortcomings such as a huge number of cluster iterations and clustering results
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easy to fall into the local minimum. As the proposed method greatly improves the efficiency of defect detection, it can be
used for the real-time detection in the process of glass production.
KEY WORDS: backlight illumination; defect detection; edge detection; improved K-means clustering; Otsu threshold

segmentation; compensation coefficient
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Fig.2 Collected defective glass image
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Fig.3 Partially magnified glass image
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Fig.4 Algorithm flow chart

)



41 13 -219 -

3 L_lE
p == x;(i=12-k) (4)
n; -1
2 n; 1 ﬂ*z
2.4 %R, WA, SARRBRNEIRL K
wui(i=1,2...k) J J
Canny
J K-means
[10—13] (1718]
; 2.5.2 Otsu BESE
3 Otsu
[19—20]
T
Cc, G2
5 S C,
w1 H C2
2 (0))] M2 Cl C2 2
g
2.5 it K HEREZE LI K EDER BT A 2 2
N g=a)|><(/ul_S) +a)2><(,uz—S) (6)
12 A 56
251 KiEE% g=0xo,x(1—11,) ™
K 1967 J.B.Mac Queen g C C,
[14] T [21]
2.5.3 Mt KHEERE
K K «
K
Otsu
f K
Otsu
[15—16]
C, C, 2
X={x1, x3...%,} k W Uo m,
k wi(i=1,2...k)
2
Ls Otsu
J=Z{Zd<xj,y,-)} @)
i=1 | x;eC
X; Ci d(xja ;ul) Xj f
G Mi ™ =i
2
d(x,. )= Z‘é e = o] 3) f=SIT (®)

| | S T Otsu



-220 -

(ml,mz) =(fﬂ1nu2)

F1 MBEREPL(CC)ESHMEBEF L (OCO)HIE

Tab.1 Value of initial cluster center (ICC) and
optimal cluster center (OCC)

ICC ocCcC
1 (56.9, 49) (59.5,46.4)
2 (68.7,50) (61.3,47.1)
3 (53.1,49) (56.9,46.9)
4 (56.7,50) (60.4,47)
5 (52,48) (51.6,48.1)
6 (53,48) (53.2,48.4)
7 (52,49) (52.7,48.6)
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Fig.5 Defect detection result 1
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Fig.6 Defect detection result 2

CPU 1.9GHz 4 GB Linea
4K CL LED 3156x3156
4
450 150
2
2
96.5%
3.74 s
2 16
5

F2 WEHEARNER
Tab.2 Glass sample test results

1% /s

450 434 16 96.44  4.057
150 145 5 96.67 1.79

600 579 21 96.5 3.75




41 13 -221 -

Fig.7 Comparison of algorithms for glass defect detection
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