2017 3rd IEEE International Conference on Computer and Communications

Defect Detection of Printing Images on Cans Based on SSIM and Chromatism
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Abstract—In the production of digital printing equipment, it is
a challenge to detect the printed surface defects of cylindrical
surface like cans. This paper presents an automatic inspection
program based on computer vision. We build a set of printing
detection hardware system including the automatic image
acquisition, high precision image registration. Then we
propose a geometric defect detection based on SSIM and color
defect detection algorithm based on CIEDE2000 color
difference formula. The experimental results show that the
system proposed by us has good effectiveness and robustness,
and can realize digital detection and feedback adjustment.
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. INTRODUCTION

With the increase of modern technology, in the printing
industry, more and more high-speed automated production
methods are being used. People's requirements on the
packaging printing pattern quality, especially cans surface
image printing are higher. In the digital printing equipment
production process, the evaluation and inspection of printing
quality is a very important part. Accurate detection of image
defects, such as scratches, stains, blur, color differences and
other quality problems. Then the results are fed back to the
printing module to realize the adjustment and optimization of
printing process. These can reduce economic loss brought by
mass production remarkably due to defect detection.
Moreover, quality testing of color printing image is
extraordinarily valuable to ensure good performance over
manufactured products.

Many of the traditional defect detection are based on flat
print detection, and the corresponding quality testing
technology is relatively mature and perfect. J. L. Bouchot
proposes an algorithm for automatic fault detection in
textures, by comparing the defect image and the standard
image based on the image matching method [1]. Some
methods, based on the classification method, are to carry out
defect detection through the feature extraction and
classification including some machine learning methods [2-
3]. Some are based on statistics. By calculating the mean,
variance, histogram of the image, or two-dimensional
information, such as the Gray Level Co-occurrence Matrix
[4]. Some methods, based on Discrete Fourier
Transform(DFT), are to transform the image to frequency
domain and process [5]. But this method may add some
complexity. The above detection methods are generally used
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for the defect detection of the content, while color defects
detection are often ineffective. Moreover, the traditional
detection is mainly for the printed objects on the plane, while
detection effect of the curved surface or cylindrical surface is
not very well. When it comes to the cans of cylindrical
material, the image printing process on the surface of cans
uses the rotary inkjet, working with high speed and jitter,
which make color information more complex. The image
acquisition and image registration requirements are higher
[6-8], and due to the unstable speed, the impact of ambient
light on the robustness of the defect detection algorithm is
also a challenge.

In this paper, we mainly solve the surface image printing
quality detection problems. Cans of this cylindrical bearing
in the production of digital printing equipment are used as an
example. We set up a simple cans printing detection
hardware system, which utilizes the rotating motor to
simulate the printing process of the cans. A prism split-beam
high-speed linear array camera is used to overcome RGB
three-channel color offset, and high brightness of the coaxial
light source is applied to overcome the impact of
environmental light interference. For the software algorithm,
the standard images and the images to be detected are
obtained for high-precision image registration, which can
effectively overcome the impact of motor speed instability.
For the defect detection, we divide the defects into geometric
defects and color defects. Geometric defects evaluated by
SSIM mainly include scratches, stains, blur and other line
defects. Color defects are mainly the difference between the
color of prints, and the chromatic aberration is assessed by
the International Commission on illumination. We use the
most common CIEDE2000 color formula to measure the
color difference, which is detected via setting threshold.
Experimental results show that our methods are featured
with high accuracy and excellent robustness.

Il.  SYSTEM OVERVIEW

Our overall detection process is shown in Fig. 1. Firstly,
the high-speed image data is acquired, qualified printing cans
and the cans to be detected are scanned through the line scan
camera. The second part is the data processing to register the
images. The third step is defect detection, including the
geometrical defects and color defects detection, which
provides the detect results and feedback to the digital
printing equipment.
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Figure 1. The structure of the system.

A. Image Cycle Acquisition

The image data scanned by the line array camera may
contain a plurality of cycles and there is some redundant
information in the original data stream due to the camera's
view size. Therefore, it is necessary to process the original
image data by removing the redundant boundary to get
complete periodic images.

We use template matching method to obtain the images.
At the beginning of the scanned images, a certain width of
the local images is selected as template T(m*n). In the whole
target image S(h*w) to search for images with similar
information in the template, a cross-correlation detection is
carried out when every time a move is made. After the whole
image is traversed, the most similar point is regarded as the
matching point. As long as its coordinate position is located,
a complete period image is obtained.

When the width of both the image to be detected and the
standard image is one cycle, as the period length of the
template matching method is not accurate enough, so there
will be some tiny differences in the length between the
standard image and the image to be detected. Once the
starting position of the two images is not the same, the need
to shift the image for translating results in stitching gap
between the initial image and the tail image during the
registration process, which will lead to false inspection.
Therefore, the solution we adopt is as follows: The standard
image length is two cycles, while the image to be detected is
one cycle, so the stitching gap can be avoided and the
complexity of subsequent registration algorithm will not
increase.

B. Image Registration

After the images are obtained, the registration of two
images is needed. As the central axis of the can might not
coincide with the rotating center of the motor and the speed
of the motor is unstable, so there will be some fluctuations
and the images in different places will have different
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distortions. Hence, it is not accurate to use the whole image
for registration. We use the following methods to solve this
problem.

Firstly, as the standard image is two cycles and the image
to be detected is one cycle, we need to find the same starting
position. We still use similar template matching method. We
select a certain width of image to be detected in the starting
area and locate the starting position where the similarity
between the image to be detected and the standard image is
the most.

The second is high-precision image registration. When
the starting position of the two images is determined, we
divide the image into multiple small width vertical blocks to
overcome the above-mentioned problems due to the position
offset and speed instability. Each block is individually
registered, as the distortion is consistent across each block
and that different block distortions may be different.

Image to be detected(one cycle) Image to be detected(one cycle)

-

Standard image(two cycles) Standard image(two cycles)

Figure 2. High-precision registration based on blocks.

As shown in Fig. 2, in the registration process of each
block, there may be scale scaling between the two images.
Besides the translation difference, we add a zoom factor
between 0.8 and 1.2, whose step is 0.1, and a small range of
translation for each block parameter. Combined with PSNR
to calculate the two images corresponding block correlation
coefficient, the PSNR of the blocks are traversed to find the
maximum corresponding zoom parameters and translation
parameters to achieve high-precision registration.

C. Geometric Defect Detection

In the process to detect geometric imperfections, some
stains, blurring, scratches and so on, may occur in the
production process. In order to detect as accurately and
closely to human visual inspection, we adopt the image
quality evaluation method based on structural similarity
measure SSIM [9-10]. The method can objectively reflect the
change of the structure information of the image.

The image evaluation method of SSIM mainly compares
the standard image and the image to be detected from three
aspects: brightness, contrast and structure similarity. Let x
and y represent the standard image and the image to be
detected respectively. The model is defined as:

SSIM = [1(x, M1*[c(x, »1P[s(x,)]* 1)
lGoy) = ¥
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where u and j are the mean values of x and y; o,and aare
the standard deviation of x and y;a,,is the covariance of x

and y; C;» C,and Csare very small positive numbers to
prevent the situation that the denominator is zero due to
instability.

For two images that have been registered, the SSIM of
the two images is calculated by the formula above, and the
larger the SSIM is, the more similar the corresponding
information is. The smaller the SSIM is, the larger the
difference is. By setting the empirical threshold and image
binarization, we can detect various types of geometric
defects.

D. Color Defect Detection

In the time when digital printing equipment is working,
uneven pigment ink or nozzle clogging may result in color
differences such as color heterogeneity or color cast, so it is
necessary to detect the printed matter from the color point of
view. But SSIM for color defects detection is not well, we
need to find other ways to detect the color defects.

To quantify the color difference between the image to be
detected and the standard image, the printing industries
utilize the color printing method for quality inspection and
control. The ideal chromatic aberration formula should be
consistent with the visual experience of the human eye.
CIEDE2000 color difference formula is the best color
standard, as officially announced by the International
Commission on Illumination (CIE) in 2000. It contains the
brightness, hue and saturation of the integrated color
perception of the standard. Therefore, we use CIEDE2000 to
quantify the color difference [11-12].

1) Color space conversion

Firstly, it is necessary to convert the acquired RGB
image to the CIE XYZ color space [13]. The linear
transformation process is as follows:

X 0.412453 0.357580 0.180423] [R
Y| = ]0.212671 0.715160 0.072169{. (5)
Z 0.019334 0.119193 0.9502271 LB

where R, G and B data are rescaled between 0 and 1.

Secondly, through the CIE XYZ color space to the CIE
Lab color space, which is a non-linear transformation, the
process is as follows:

L* = 116f (yio) — 16
a =500[f () - r )] ©)

b = 200 200f (yio) - f(ZZ—O)]
Where
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In the formula , X, Y, Z usually refers to the tristimulus
values of the object color, X,. Y,. Z, are the tristimulus
values of the CIE standard illuminator, under the Dgs
standard light source, X, = 95.045, Y, =100. Z, =
108.892.

2) Color difference calculation

Images are converted into the CIE Lab color space, then
the standard map and reference picture of the color are
calculated using CIEDE2000 color formula, as shown below:

2 ro2 co2 ’ '
_ AL ACy, AH, ACqy ,AHy,
AEqp = j(—m) G D +RGEDED  (8)

WhereAL', AC,,,, AH,,are calculated byL*,a*, b*, which,
respectively, represent the brightness difference, saturation
difference and hue difference. S;,S;, Sy are called as
weighting functions. R, represents the rotation angle which
is determined by the hue. K;,K., K are the correction
parameters that are related to the use of conditions .In this
paper, we take the standard value as K;, = K, = Ky = 1.

Through the conversion of the color space and the
calculation of the color difference, we can acquire the color
difference between the image and the standard image to be
detected, and then set a reasonable threshold to achieve the
quantitative detection of color differences.

I1l.  EXPERIMENTAL STUDY

A. Experimental Setup

Figure 3. Hardware system platform.

In order to simulate the printing inspection in the
production process of the real can, we set up a hardware
platform, as shown in Fig. 3, which mainly includes a
rotating motor, a can, a coaxial white light source, a JAI LT-
200CL 3-CMOS color line scan camera, a Silicon software
Me5 Marathon ACL Image acquisition card and a computer
equipment. Our line scan camera is based on JAI’s advanced
prism technology, which is used to obtain high-quality
scanning images to overcome the traditional RGB three-
channel time-sharing imaging color shift and ensure that the



scanning process does not bring color effects. A coaxial
white light source is used to provide more uniform and more
uniform lighting and avoid the impact of the object caused
by reflection and ambient light.

B. Simulation Results

In order to verify the validity and accuracy of the
geometric defect algorithm and the color defect algorithm
proposed by us, we first carry out the simulation experiment.
We collect the scanned images from the hardware platform.
Some simulations are directly added to the image through the
software Defects, including different thickness of the lines,
local blur, local color of the subtle changes. After that we
develop the software algorithm for testing, and the
experimental results are as follows:
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d. Color defect detection results

Figure 4. Results of simulation defects.
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Fig. 4 shows the results of geometric defect detection
based on SSIM, Fig. 4(a) represents of the simulation defects,
Fig. 4(b) is the standard image, Fig. 4(c) represents the
geometric defect detection results, while Fig. 4(d) shows the
color defect detection results based on the CIEDE2000 color
difference formula. All kinds of defects can be correctly
detected, which proved the effectiveness and correctness of
our algorithms.

a. Color difference

-

¢. Geometric detection results

d. Color detection results
Figure 5. The necessity of color defect detection.

At the same time, comparing Fig. 5(c) and Fig. 5(d), we
can also see that as for scratches, blur, stains and other
geometric defects, we could acquire excellent results with
SSIM. When it comes to color differences, the result of using
SSIM is not obvious, however, the results of using
CIEDE2000 color formula is better than SSIM, which proves
that it is necessary to combine these two methods to detect
the geometric defects and color defects.

After the simulation test, we carry out the real defect test,
we select some practical defects cans, including some with
scratches, stains, ink. The surface pattern of these cans are
detected through the camera for comparison tests, the results
are as follows.

C. Real Experimental Results

After the simulation test, we carry out the real defective
test. The final and standard images for comparison test are as
follows:

b. Standard image (two cycles)

Figure 6. Results of real defect detection.

As shown in Fig. 6, Fig. 6(a) shows the physical defects
that exist on the real cans. Fig. 6(b) is the standard image.
Defects include stains, scratches, and inks. The details of
these defects are shown in the following figures. In order to
prove our methods are effective, we make comparative



experiment by calculating absolute difference (AD) between
the standard image and the image to be detected after
registration.

-1

e. Our method (Color defect detection results)

Figure 7. Experimental results and comparisons.

Fig. 7(a) shows the detail information of the defects in
Fig. 6(a). Fig. 7(b) shows the corresponding information in
Fig. 6(b). Fig.7(c) shows the result of absolute differences
between the standard image and the image to be detected
after registration. Fig. 7(d) shows the geometric defect
detection results. Fig. 7(e) shows color defect detection
results. We can see from the results that using absolute
difference (AD) is not well in these detection, there are some

other normal areas around the defects that have caused errors.

Compared with AD, our methods can achieve better
performance. The real defects can be correctly detected,
which proved the effectiveness of our algorithms.

IV. CONCLUSION

This paper is mainly aimed at solving the problem of
printing image defect detection in the industrial production
of digital printing equipment. We propose a detection
program based on computer vision and set up a set of
hardware detection system platform through the use of line
scan camera to capture images. And after high-precision
image registration, we propose a geometric defect detection
algorithm based on SSIM and a color defect detection
algorithm based on CIEDE2000 color difference formula.
We have carried out the simulation and the real test, results
of which show that our algorithms can effectively achieve a
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variety of subtle defects detection, and overcome the motor
speed instability, ambient light interference and other effects,
with good robustness. In the future, we will feedback the test
results to the printing equipment to achieve the iterative
closed-loop optimization of the printing process adjustment.
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