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Design of inspection system for exterior quality of
steel plate

Liu Zhenqji, Jin Yong"
School of Information and Communication Engineering, North University of China, Taiyuan, Shanxi 030051, China

Abstract: In this paper, in view of the on-line inspection of the thickness of steel plate and its surface defects, a
quality inspection system for appearance of steel is designed. The moire image on the surface of the steel plate is
collected by a linear CCD camera. The fringe image is transformed by wavelet transform, and the phase information
of wavelet transform coefficients corresponding to the wavelet ridge is extracted to reconstruct the 3D profile. Expe-
rimental results show that the thickness measurement precision of the steel plate is 0.08 mm and the measurement
accuracy of the surface defect is 0.2 mm. The online detection speed is 6 m/s. The on-line detection of thickness and
surface defect of steel plate can be realized.
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Fig. 4 Test result of steel plate with six holes
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Fig. 5 Test result of scratch defect
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Table 1 The measured maximum boundary of surface defects
Maximum boundary pixel Method measurement Measurement results of vernier
Defect type
distance results in this paper/mm caliper/mm
Pass defect 1 60 6.0 5.99
Pass defect 2 59 5.9 6.10
Pass defect 3 62 6.2 6.10
Pass defect 4 65 6.5 6.45
Pass defect 5 62 6.2 6.21
Pass defect 6 63 6.3 6.25
Scratch defect 75 7.5 7.26

Table 2 The measured thickness of two methods

k2 WRGERGEENEER

Measurement results of spiral micrometer/mm

Method measurement results

in this paper/mm

Plate sample - -
max min max min
1 7.05 6.98 7.12 6.96
2 8.02 7.99 8.09 8.00
3 9.04 8.99 9.1 8.09
4 10.04 9.98 10.09 9.99
5 11.03 10.97 11.09 10.98
6 12.01 11.98 12.05 11.95
7 13.05 12.96 13.10 13.01
8 14.02 13.97 14.08 13.99
9 15.03 15.00 15.04 14.95
10 16.02 15.97 16.07 15.98
0.08 mm
mm
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Table 3 The measured maximum boundary distance of two methods for surface defects

Defect type Measurement results of vernier caliper/mm

Method measurement results in this paper/mm

Scratch defect 50.33
Oil pollution defect 18.07
Crack defect 30.90
Grooves defect 15.53
Rust defect 46.97
Air hole defect 11.50

50.2
17.9
30.8
15.7
46.8
1.7

0.0549 s
330 mm 6

m/s

5 4 if

0.08 mm 0.2

mm 6 m/s
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Test result of steel plate with six holes

Overview: Steel plate, as an indispensable raw material in daily life, has been widely used in various fields. Therefore, it
is of great significance to detect the appearance quality of steel plate for improving the production process of steel plate.
At present, the mainstream detection methods include eddy current testing, radiographic testing, machine vision detec-
tion and so on. These detection methods mainly detect the surface defects of steel plates, and cannot detect the thickness
of steel plates while detecting the surface defects of steel plates. In this paper, the surface defects and the thickness of
steel plate can be detected at the same time. The 3D reconstruction technique of the grating projection is applied to the
steel plate detection, which can reconstruct the three-dimensional contour of the steel plate, and thus achieve the pur-
pose of detecting the surface defect of the steel plate and the thickness of the steel plate at the same time. This paper fo-
cuses on the study of the on-line detection of steel plate. In order to meet the speed of on-line detection, wavelet trans-
form profilometry is selected to calculate the phase of the moire image of the surface of steel plate. Both the wavelet
transform profilometry and Fourier transform profilometry are the fastest way to calculate the phase of the moire image.
But the Fourier transform profilometry occupies the advantage on the whole information of the image, and the wavelet
transform profilometry pays more attention to the extraction of the local information of the image. At the same time,
the noise resistance performance of wavelet transform profilometry is more effective than that of Fourier transform pro-
filometry. Therefore, wavelet transform profilometry is more suitable for calculating the phase of moire image on steel
plate surface. In the aspect of phase unwrapping, branch cutting is chosen as the method of phase unwrapping. Al-
though the quality map guidance algorithm has a high accuracy of phase unwrapping, it is too slow. The phase by point
phase unwrapping method has the fastest phase speed, but it is only suitable to unfold the phase without residual error
point. Once the phase diagram has a residual error point, the drawing phenomenon will appear in the process of the
phase unwrapping, so the error of the reconstructed steel plate will increase sharply. In terms of speed and accuracy, the
branch cutting method is suitable for unwrapping the phase calculated from the moire image of the surface of steel plate.
In laboratory environment, the accuracy of steel plate thickness detected by this method can reach 0.08 mm, and the
accuracy of surface defect detection can reach 0.2 mm and the detection speed can reach 6 m/s.
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