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Abstract. This paper proposes a solution to locate the crossline center in over-
printing system. Crosslines of 4 different colors are printed at the same coordinate.
Because of mechanical error, they do not coincide. The system uses the measured
deviation to calibrate. This paper obtains accurate deviation value through three
steps. First, the picture collected by a CCD camera will be processed by color
segregation algorithm. In this process, RGB data turn into CMYK data, and each
color will be on a single picture. After that, a Laplace edge detection algorithm
is improved by combining it with 2D Gauss filter. This improved Laplace edge
detection algorithm has a better noise suppression effect, which means it is even
less likely to judge noise as the edge of a graph. Finally, target searching algo-
rithm based on rhombus matching is used to figure out the center of crossline. The
average absolute error from 2,000 simulations is 3.192 pixel, which shows that
the algorithm in this paper has a high accuracy.
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1 Introduction

Overprinting is an important method of color printing [1]. The basic principle of over-
printing is that several different colors of ink are printed to the same paper in sequence
[2]. When all the different colors are painted, all the print heads need the same frame of
reference. It requires a high location precision, or the final prints will be misplaced.

Today, overprinting system is running at a relatively higher speed, which leads to a
lower printing precision. To make sure the printing precision meets the requirements,
we must limit the printing speed. At the same time, how to evaluate the quality of the
prints effectively is also an important task. If we do not find out and solve the problems
of printing precision in time, a waste of time and money will not be avoided resulting
from defective prints, especially in industrial production.

The paper aims at solving the above problems. First the color picture is divided into
four color channels [3–5]: C, M, Y and K. After that we use improved Laplace edge
detection algorithm to locate the center of the crossline. Then the deviations of channel
K to channel C, M and Y are calculated. And the deviation is the overprinting error. This
paper makes the overprinting error more accurate. As a result, the whole overprinting
system can work more accurately. And the printing quality can also be improved.
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2 Traditional Crossline Detection Methods

Crossline detection is important in many industries. To make every color print head
work accurately, we often need to print a crossline of each color and locate the crossline
center by a photo token by a high-speed CCD camera [6], to realize the calibration of
overprinting system. If we can get a clear photo of the crossline, the method is pretty
good.

However, the photos usually are of a low signal-to-noise ratio and contrast. There
are often some limitations in traditional crossline detection methods, such as Hough
transform [7], template matching [8], morphological corrosion [9], linear fitting and so
on.

The result using linear fitting will be of a large deviation if the edge of a crossline
image is irregular [10, 11]. And the result using morphological corrosion will not find
the crossline center precisely if the contrast of the photo is not high enough.

3 Error Detection Based on Overlay Quasi-identifier

3.1 Overprinting Quality Detection Method

Traditionally, the overprinting error detection process is realized by examining the
overlay quasi-identifier artificially. Figure 1 shows three kinds of different overlay
quasi-identifiers.

Fig. 1. Common overprint overlay quasi-identifiers

If the deviation is larger than the line width, usually 1 mm, we support that the
overprinting system is not working well. Also, the prints are off specification.

The crossline detection processing framework is shown as Fig. 2. First, a picture of
the print is collected by an imaging sensor, for example, a CCD camera. And then four
crosslines of C, M, Y and K purity colors can be processed by image segmentation.

Fig. 2. Crossline center locating processing framework
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After that we locate the center of each crossline by image edge detection algorithm.
We can judge whether the overprinting system is working exactly or not.

If the overprinting system is not working well, a calibration can be implemented.

3.2 Color Segmentation Method

A significant step of the detection using computer vision is how to get the data of channel
C, M, Y and K. According to the relation of RGB and CMYK, there is not a one-to-one
correspondence. If we transform RGB to CMYK, there must be a replacement value for
the black color. The replacement value can be figured out by C, M and Y channel. In
fact, RGB color range is 0–255, and CMYK color range is 0–100. So, we can get the
transform relation as:
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K = min(c,m, y) (2)

C = c − K (3)

M = m − K (4)

Y = y − K (5)

In the expressions, Gmax is the most value of a color, and usually it is 255.
In actual situations, four different color crosslines may be in several kinds of states.

The four crosslines can be separated from each other. And it can be that two crosslines
are overlapped and another two is separated. Or three crosslines are overlapping. All in
all, the overlapping relation is complicated.

Some scholars propose an approach to solve the problem. First, we need to judge
which overlapping relation the crosslines are in. And for a certain relation, we use a
different threshold to divide the picture. As we learned, there are 15 different color
overlap, so we need 14 threshold values. This method requires a high color precision
and how to judge which color relation the crosslines belonging to is difficult.

To solve this problem, we a method mentioned in reference. Figure 3 shows the flow
of this method.

4 Improved Laplacian Edge Detection Algorithm

In the previous section, we discussed how tomake overlapping crosslines separated from
each other. In this section, we will solve the problem of how to find the crossline center
by an improved Laplacian edge detection algorithm.
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Fig. 3. color segmentation method flow chart

4.1 The Disadvantage of Laplacian Operator

The 2D-Laplace transform is based on 2D-gradient. And the definition is as follow.

∇2f (x, y) = ∂2f (x, y)

∂2x
+ ∂2f (x, y)

∂2x

≈ ∂
[
f (x + 1, y) − f (x, y)

]
∂x

+ ∂
[
f (x, y + 1) − f (x, y)

]
∂y
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f (x, y) − f (x − 1, y)

]

+ f (x, y + 1) − f (x, y) − [
f (x, y) − f (x, y − 1)

]

≈ f (x + 1, y) + f (x − 1, y) + f (x, y + 1) + f (x, y − 1) − 4f (x, y) (6)

2D-Laplace transform is usually expressed by a convolution of a matrix and a Laplace
core. And we can get the following equations.
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And the 2D-Laplace transform can be described as follow.
{ ∇2f (x, y) = P ∗ I

∇2f (x, y) = P ∗ I−
(9)

In the above equations, * means convolution, and I is Laplace core.
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These equations show that if we want to figure out the convolution result of picture
matrix P and Laplace core I or I -, actually we will figure out the difference value
between the value of a certain pixel and the neighboring horizontal and vertical pixels.
The convolution result is four times this difference.

Traditional Laplace edge detection uses the location of zero point or the convolution
result to find out the edge of figures. This method may take noise point as an edge with
high probability. It is because that Laplace operator is not of the feature of smoothing
the picture, which is available for Sobel operator or Prewitt operator.

4.2 Improvement of Laplace Operator Using 2D-Gaussian Function

In this section we combine traditional Laplace edge detection with Gaussian function.
2D-Gaussian function is defined as:

Gauss(x, y, σ ) = 1

2πσ 2 exp

(
−x2 + y2

2σ 2

)
(10)

Improved Laplacian edge detection based on Gaussian smoothing filter is as follow:

Step 1: Figure out Gaussian matrix GH×W according to Eq. (10).

GH×W = [
Gauss(x, y, σ )

]
0≤x≤H−1,0≤y≤W−1,x,y∈N (11)

Step 2: Figure out the sum of Gaussian matrix.

sum =
∑

GH×W (12)

Step 3: Normalize. It means that the Gaussian matrix is divide by the sum. Then we get
the Gaussian convolution operator K.

K = GH×W

sum
(13)

Step 4: The image matrix P is convolved with the Gaussian convolution operator K.
After the Gaussian smoothing filter, the result will be convolved with Laplace core I or
I−.

{
Rconv = P ∗ K ∗ I
Rconv = P ∗ K ∗ I−

(14)
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4.3 Algorithm Optimization

The time complexity of the algorithm in Sect. 3.2 is high, because it requires 2D convolu-
tion.We can optimize the algorithm by turning the 2D convolution into 1D convolutions.
The process is as follows.

Step 1: Take the Laplace transform of 2D-Gaussian function.
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Step 2: Construct an operator KI , whose window size is H × W , and the standard
deviation is σ

KI = ∇2
(
Gauss

(
x − H − 1

2
, y − W − 1

2
, σ

))

0 ≤ x ≤ H , 0 ≤ y ≤ W (16)

Step 3: Convolve picture matrix P and improved Laplace operator KI ,then we can
get Rconv = P ∗ KI . Use Rconv to resolve Eq. (15).
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Step 4: Binarization process. And the edge detection result can be worked out.

edge(x, y) =
{
255, Rconv > 0
0, Rconv ≤ 0

(20)
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Or:

edge(x, y) =
{
255, Rconv < 0
0, Rconv ≥ 0

(21)

In step 3, the 2D-covnlution is turned into 1D-convlution, which leads to a lower
time complexity. In step 4, not like Prewitt operator or Sobel operator, we do not take
the absolute value of Rconv. Instead, Eq. (20) or (21) is used to judge the probability of
if a pixel is the edge or not.

5 Determine the Center Coordinates of the Crosslines

In Sects. 3.1, 3.2 and 3.3, we get the edge of the crosslines. In this section the center
coordinates will be determined by a target searching algorithm.

5.1 Target Searching Algorithm Based on Rhombus Matching

First, we define Si,j as the pixel value of each color crosslines. Si,j = 1 when a pixel
belongs to a certain color (C, M, Y or K), or Si,j = 0. Figure 4 shows the rhombus
matching template.

K

5 points template 9 points template

Fig. 4. rhombus matching template

In Fig. 4, K is related to the size of crosslines. It is the horizontal or vertical distance
between neighbor points. And in the following searching process, step-size is L. Take
K = 9 for example.

Step 1: If a pixel point (m, n) is on the crossline,whichmeans that it satisfiesSm,n = 1,
then 3 × 3 template is used. And go to step 2. If not, go to step 4.

Step 2: If there are 5 points on the crossline, we use 5 × 5 template. And go to step
3. If not, go to step 4.

Step 3: If there 9 points on the crossline, this point (m, n) is the center of the crossline.
If not, go to step 4.
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Step 4: Update the pixel point with the following equations. Do step 1–4 again, until
it meets the reequipments.

(m, n)′ = (m + L, n) (22)

(m, n)′ = (m, n + L) (23)

5.2 Additional Cases for Practical Application

The line width is usually more than one pixel. As a result, the center point may be more
than one, for a certain color. Then we just need to figure out the average of these center
points as the center of crosslines.

Define x and y as the center point (x, y), we can get:

x = 1

N

N∑
i=1

mi (24)

y = 1

N

N∑
i=1

ni (25)

In the equations, N is the total number of center points before averaging.

6 Precision Improvement of Overprinting System

Based on the center point of crosslines of different colors, we can figure out the error
of the overprinting system. If the location of the four centers is at the same point, the
printing system is working well. If it is not the same, we need to calibrate the reference
frame of the nozzles. In fact, this process is performed by computer.

7 Simulation and Experimental Results Analysis

In this paper, we use MATLAB to process image data and all the algorithm is
implemented. In this section, the results are showed out.

We use MATLAB to process the collected images. For example, Fig. 5(a) shows an
actual picture printed by a certain model of overprinting system.

Figure 5(b)–(e) shows C, M, Y and K grayscale images after the color segmentation.
From the images we can see that the main feature of each different color channel is
extracted reasonably.

After the color segmentation, we judge the center coordinate of every crossline. We
use the simulation program to randomly generate some crosslines with known central
coordinates. The method in this paper is used to calculate the central coordinates of the
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(a) (b) (c) (d) (e)

Fig. 5. Color segmentation result

crosslines. And then we calculate the absolute error between the real value and the value
calculated by the algorithm.

ε =
√

(x − x0)2 + (y − y0)2 (26)

In Eq. (26), x and y mean the value calculated by the algorithm. x0 and y0 are the real
values. Table 1 shows some results of the simulation experiment. The unit in the table
is pixel. All pictures are 256 * 256.

Table 1. Simulation results of improved Laplace algorithm

No. x y x0 y0 ε

1 132 106 133.71 102.71 3.706

2 120 144 120.00 143.71 0.286

3 149 113 151.57 109.86 4.061

4 160 111 163.57 111.00 3.571

5 85 141 83.14 140.29 1.990

6 166 122 170.14 126.29 5.961

7 163 154 165.57 156.71 3.739

8 87 132 83.14 132.86 3.951

9 167 125 171.29 125.43 4.307

10 165 133 163.29 137.14 4.484

The average absolute error from 2,000
simulations is 3.192 pixel. This shows that
the algorithm in this paper has a high
positioning accuracy.

8 Summary and Prospect

This paper improved the edge detection algorithm in overprinting calibration. According
to the results in experiment, the algorithm in this paper is of a higher precision. Using
this method can improve the quality of color printing.

However, compared with traditional methods, this algorithm requires more matrix
operations. This is not conducive to real-time monitoring at printing time. One possible
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solution is to make use of GPU or FPGA to speed up the process. And this is a further
study issue.
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