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Abstract. In this study, a new method of online inspection of contour defects is
proposed for stainless steel precision blanking sheet to address problems in the use of
the current method to obtain detect information: the recognition system is complex,
and the measurement error of defect dimension is large. The images of defect blanking
sheet are obtained by the established image collection system. The results of image
analysis show that the defect contour of blanking sheet has the correspondence and
similarity characteristics. An improved sequential similarity detection algorithm and
the measurement algorithm are developed. The measurement experiments show that
the online inspection system is stable and reliable, and the maximum measurement
error is 0.0362mm. The results of this study will lay a foundation for the online
inspection of precision machining.

1. Introduction

The stainless steel sheet, which was processed by precision blanking, is a corrosion resistant part with
a thickness less than 1mm, and has strong plasticity and toughness. In the process of precision
blanking, cutting edges wear, which was caused by friction between stainless steel band and the
blanking, was the main failure mode of the blanking die [1]. And it was easy to cause the wear defect
of sheet contour, which seriously affected the quality of stainless steel sheet. At present, the inspection
method based on machine vision technology was widely concerned [2-5], researchers have used the
technology to solve the problem of online inspection of the contours of precision blanks [6-12].
However, the most of the defect recognition system is complex and the error of defect dimension is
large. Therefore, it is necessary to establish a new online inspection of the blanking sheet to meet the
rapid and accurate inspection requirements.

To solve the above problem, the online inspection method of precision blanking sheet was
proposed. The image collection system was established, and obtained the images of defect blanking
sheet. According to the correspondence and similarity characteristics of defect caused by the same
cutting edges wear, an improved sequential similarity detection algorithm was established to confirm
contour defects, and the measurement algorithm of contour defect dimension was developed.
Therefore, the method of online inspection can not only identify the defect, but also measure the defect
size.
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2. Image collection of blanking sheet

2.1. Image collection system

The image collection system mainly consists of collection device and auxiliary device. Collection
device includes light source, industrial CCD camera, image collection card and computer. Auxiliary
device includes conveyor, blanking buffer device, calibration mechanism, mobile platform, etc. The
industrial CCD camera adopts the DFK series 42BUCO03 produced by the Imaging Source Company,
the maximum resolution is 1280 pixels x 960 pixels, the pixel dimension is 3.75um. The image
acquisition card adopts the DH-VT110 with PCI bus interface, which supports multiple upper
computer development software and could collect multi-mode image. The mobile platform adopts 550
multi-function precision cross slippery platform of milling machine, which is 255mm x 130 mm,
configured with column and base. Industrial CCD camera was mounted on a mobile platform. The
principal optic axis of the camera lens was perpendicular to the conveyor. The mobile platform can
move along the X direction, Y direction and Z direction. The image acquisition card is installed in the
PCI expansion slot of the computer, as shown in Fig.1.
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Figure 1. The image collection system.

Before the inspection system start, the location of the mobile platform was adjusted to achieve the
parameters setting of the camera. After the system start, the blanking sheets are arranged through the
blanking buffer device mounted on the feeding port of punching machine, and fell on the conveyor
one by one. The calibration device installed on both sides of the conveying mechanism makes the
blanking sheet at the center of the conveyor. CCD camera is used to collect the image of the sheet and
transmit image to computer.

Lens

2.2. Image of defect blanking sheet

According to material forming theory, the location of cutting edges wear will not change under the
action of blanking force, but the wear area will increase. Therefore, the defects caused by the same
wear are similar, which is also verified by a large number of sheet defect images collected in the

experiment. The image of defect blanking sheet is shown in Fig.2.
Defect

Figure 2. The contour defect of blanking sheet.

From the collection image, it can be seen that the defect area located on the edge of the blanking
sheet were collection of low grayscale pixels and occupied a very small proportion in the image of the
blanking sheet. The contour of the defect area is irregular and has similarity. As the cutting edge wear
increases, the defect area is increasing.
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3. Online inspection algorithm for contour defect of blanking sheet

3.1. Defection recognition
According to the characteristics of defect similarity, the recognition method of contour defect is
proposed based on Sequential Similarity Detection Algorithm (SSDA).The specific process as follows:

(1) Before the system work, the images of defect-free blanking sheet are collected and adjusted.
Taking the center of sheet area (a x b) as the origin of the coordinate system, the gray image of region
((a+10) x (b+10)) is extracted, and the extraction image is set as the standard image.

(2) As the system working, the images of blanking sheet, which to be matched, are collected and
adjusted.

(3) Compared the gray average of each rank between the matching image and the standard image.
The location of the change area of the grayscale is recorded, and the region image is extracted as
template image.

(4) Based on SSDA algorithm, the template image is matched with other matching images. If
there is a similar region of template image in other matching images, which the location is consistent,
the region is the defect area.

3.2. Defection measuring

3.2.1. Image segmentation of defect area. Due to the few pixels and low density in the defect area, the
threshold obtained by the global threshold method cannot separate the target area from the background.
Therefore, the defect area is divided into several sub-regions, which are composed of the defect sub-
region and the background sub-region. The dimension of the sub-region is (RxR), as shown in Fig.3.

The upper area including defect sub-region, the lower area includes background sub-region.
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Figure 3. Defect area partition map.

As can be seen from Figure 3 that the sub-regions of different positions have different gray
variance, and the fluctuation of gray variance in the lower 12 sub-regions is very small. The
fluctuation of gray variance of the 4 sub-regions on the left side of the upper row is small, which is
basically equal to the gray variance of lower row. However, the variation of gray variance in the other
eight sub-regions is significant, indicating that the defect exists in these eight sub-regions. Therefore,
it can be excluded from the defect sub-region in the defect area. According to the default segmentation
threshold of the defect sub-region, the Otsu algorithm is used to divide the sub-regions, and the binary
image of the defect area is shown in Fig.4.
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Figure 4. The binary image of the defect area.

3.2.2. The defect area connection. The Region Seeds Growing (RSG) algorithm is used to solve the
problem of the regional discontinuous phenomena of sub-regions with smaller gray variance. The RSG
algorithm use a low gray value pixel as a seed, and four neighbourhood extensions around the seed are
carried. According to the rule that the absolute value of the gray level difference of the adjacent pixels is
less than the specified threshold, whether the pixels around the seed belong to the seed region is
determined, and the defect connection can be achieved by connecting the pixels in the region. The
connection image of defect area is shown in Fig.5.
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Figure 5. The connection image of defect area.
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3.2.3. Defect image thinning and measurement. The binary image can be transformed into pixel image
with a single width of 1 using the skeleton algorithm, as shown in Fig.6. Then, the system is calibrated,
and the calibration factor is obtained. The true dimension of the defect contour is calculated according
to the dimension of the defect contour pixel. The calculation formula is as follows:

L=1,xA (1)

Where, L represents the true dimension of the defect contour (mm), L, represents the pixel dimension of
the defect contour (pixel), and A represents the calibration factor (mm/pixel).

Figure 6. The skeletonization image of defect.

4. Experiment

To verify the online detection method of the defect contour dimension of the blanking sheets, the
experimental device is established, using a company produced J23 series punching machine and
thickness 0.3 mm, width 120 mm of SUS304 stainless steel belt, as shown in Fig.7.
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Figure 7. Experimental equipment.

4.1. Calibration of measurement system
According to the dimensional accuracy requirement of blanking sheet, the edge of the gauge block was
measured using the gauge block of 1 level nominal length of 8mm as the calibration. The gage block
placed in system is shown in figure 2, 15 images of the gauge block were obtained through the rotation
of the conveyor. Therefore, the pixel points of the calibration dimensional can be calculated according
to the defect measurement algorithm presented in section, as shown in Table 1.

Table 1. Measurement data of calibration dimensional.

Numbers 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Pixel 9% 99 97 95 99 96 97 98 95 97 96 96 97 99 98
points

Av_erage 97

point

From the data in Table 1, we can calculate that the average pixel points of the calibration
dimensional is 97.1. The calibration factor is 0.0823mm/pixel, and the maximum repeatability
measurement error is 1.6%. The measurement accuracy of the system can meet the measurement
requirements of the defect dimensional.

4.2. Units Experimental result
In the process of blanking experiment, there was no wear defect sheet in the initial stage. With the
blanking number to 5312 times, an unknown grayscale set appears on the image of the blanking sheet
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edge, and the grayscale was determined to be wear defect by the algorithm of defect recognition
algorithm.

The defect area of 15 blanking sheet is measured respectively using online defect inspection
algorithm and the measuring device of VOG - 25 series image dimensional. The long sides of the
blanking sheet set for the X, the short side for the Y, The measurement error of two kinds of
measuring methods was calculated, the measurement results are shown in Table 2.

Table 2. Measurement data of defect dimensional.
Inspection system Measuring device Measurement error

Numbers (mm) (mm) (mm)
X Y X Y 4X AY
1 1.7407 | 0.4254 1.7721 0.4512 | -0.0314 | -0.0258
2 1.7454 | 0.4213 1.7728 0.4521 | -0.0274 | -0.0308
3 1.7443 | 0.4212 1.7692 0.4522 | -0.0249 | -0.0310
4 1.7456 | 0.4252 1.7737 0.4581 | -0.0281 | -0.0329
5 1.7411 | 0.4209 1.7710 0.4498 | -0.0299 | -0.0289
6 1.7423 | 0.4211 1.7726 0.4561 | -0.0303 | -0.0350
7 1.7417 | 0.4266 1.7746 0.4578 | -0.0329 | -0.0312
8 1.7436 | 0.4288 1.7783 0.4546 | -0.0347 | -0.0258

©

1.7422 | 0.4232 1.7681 0.465 | -0.0259 | -0.0418
10 1.7441 | 0.4207 1.7748 0.4476 | -0.0307 | -0.0269
11 1.7451 | 0.4287 1.7776 0.4568 | -0.0325 | -0.0281
12 1.7512 | 0.4307 1.7723 0.4576 | -0.0211 | -0.0269
13 1.7468 | 0.4207 1.7754 0.4471 | -0.0286 | -0.0264
14 1.7513 | 0.4354 1.7847 0.4634 | -0.0334 | -0.0280
15 1.7525 | 0.4367 1.7887 0.4622 | -0.0362 | -0.0255

It can be seen from the measurement results in Table 2 that the measurements of the vog-25 series
image measuring device is larger than that of the Inspection system, this is mainly due to the error of
the calibration factor of the two measurement systems. The maximum measurement error in the X
direction is 0.0362mm, and the maximum measurement error in the Y direction is 0.0329mm, all of
which are within the allowed measurement error. The measurement results show that the Inspection
system is stable and reliable and can meet the requirements of online measurement.

5. Conclusion

According to the machine vision technology, the images of blanking sheet were obtained using the
established collection system, and the characteristics of the images of defect blanking sheet were
analyzed. The SSDA detection algorithm was improved to improve the accuracy of defect recognition,
and the measurement algorithm was developed based on the image processing techniques. The
measurement errors between the results of the online inspection and the measuring device were
analyzed. The maximum measurement error is 0.0362mm, which verified the accuracy and reliability
of the proposed method.
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