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Abstract 

Laser is an important invention in the 20th century. It has been more and more used in 
industrial processing. For problem one, we draw the edge curve of the target figure by 
analyzing the curve coordinates given in the datasets, and then image the curve. For the 
zigzag hatch, we firstly shrink the edge of the image, and then divide the area of the 
contracted image. Then we take the line scan and column scan of the image boundary, 
and connect according to the descending way of the curve; For the contour hatch, we 
design an image corrosion algorithm based on matrix logic operation, and use this 
algorithm to realize the corrosion of black pixel boundary point to white pixel point, so 
as to achieve the purpose of boundary shrinkage. Finally, the corresponding hatch are 
drawn through many iterations. For problem two, through the analysis of the curve 
coordinates, we can see that the target curve is a multi-layer graph. For the zigzag hatch, 
the general idea and processing method are similar to problem one. In order to simplify 
the problem, we need to segment the edge of each region of the image after the image 
processing of the drawn target curve and mark its extension and contraction direction. 
On the basis of problem one, we design the image dilation algorithm based on matrix 
logic operation, and realize the corrosion and expansion algorithm of multi-layer image. 
Finally, the corresponding hatch are drawn through many iterations. For problem three, 
due to the fact that the actual marking line spacing is small, we propose a marking 
strategy to improve the marking efficiency. First of all, we define marking efficiency as 
marking length per unit time. Then, combining with the model of problem one, the 
relationship between the efficiency of marking method of zigzag parallel hatch and 
contour parallel hatch are analyzed respectively. Finally, through the analysis, the 
strategy of using zigzag parallel hatch when line spacing is between 0.01-0.04 mm and 
contour parallel hatch when 0.04-0.06 mm is given, and the strategy of marking with 
mixed mode is not suggested. 
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1. Introduction 

1.1. Background 

Laser is an important invention in the 20th century. It has been more and more used in 
industrial processing, such as marking, welding, drilling, cutting, heat treatment and spraying. 
Laser has a good directivity, which can be gathered into tiny spots to achieve a high 
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concentration of energy. In addition, due to the monochromatic nature of the sound, the laser 
is easy to control. 

1.2. Restatement of the Problems 

1. The zigzag parallel and contour parallel hatch of single-layer pattern should be realized under 
the following two groups of input parameters: 

(1) The internal contraction boundary distance is 1 mm, and the hatch line spacing is 1 mm; 

(2) The internal contraction boundary distance is 0.1 mm, and the hatch line spacing is 0.1 mm. 

The total length of the hatching lines of the zigzag parallel and the contour parallel, the number 
of horizontal lines of zigzag parallel hatch and circles of contour parallel hatch and the average 
hatching program time should be calculated. The time proportion of the program running 
under the conditions of parameter groups (2) and (1) should be given. 

2. The zigzag parallel and contour parallel hatch of multi-layer pattern should be realized under 
the following two groups of input parameters: 

(1) The internal contraction boundary distance is 1 mm, and the hatch line spacing is 1 mm; 

(2) The internal contraction boundary distance is 0.1 mm, and the hatch line spacing is 0.1 mm. 

The total length of the hatching lines of the zigzag parallel and the contour parallel, the number 
of horizontal lines of zigzag parallel hatch and circles of contour parallel hatch and the average 
hatching program time should be calculated. The time proportion of the program running 
under the conditions of parameter groups (2) and (1) should be given. 

3. To check the running time of the incubation algorithm, to analyze its performance and to 
provide strategies or directions to optimize the performance and efficiency of the incubation 
algorithm, so as to meet the efficiency requirements of practical industrial applications. 

2.  Problem Analysis 

2.1. Analysis of Problem One 

In view of the problem one, the known single-layer image [1] is engraved by parallel lines and 
contour lines to show the overall characteristics of the image. In order to facilitate the analysis 
of graphics, we use the coordinates of the given graph to draw a complete figure outline, and 
then convert the contour and its background into gray image lattice and binary image lattice 
successively, so as to make the performance of graphics specific visualization. Through a series 
of conversion, we come to get the relationship between the length of the figure [2], the distance 
between the engraved lines and the pixel size. Based on this relationship, after using the 
corrosion algorithm based on the graph matrix, we have successfully carried out parallel line 
engraving and contour line engraving on the image. After that, we make mathematical statistics 
and result analysis on the length of engraving, the time spent, the number of circles and the 
number of lines. 

2.2. Analysis of Problem Two 

In view of the problem two, the known figure is no longer a single-layer figure, and there are 
three areas in the interior of the figure. Therefore, on the basis of question one, we refine it into 
four areas and mark them respectively. By dividing different regions, we establish the 
relationship between the region and the marked figure, so as to decide whether the graph is 
indented inward or extended outward. After processing the given image by using the designed 
graph corrosion algorithm [3] and graph expansion algorithm, the contour of parallel line 
engraving and hatch can be obtained. After that, we make mathematical statistics [4] and result 
analysis on the length of engraving, the time spent, the number of circles and the number of 
lines. 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 3 Issue 6, 2021 

ISSN: 2664-9640                

166 

2.3. Analysis of Problem Three 

In view of the problem three, the strategy model of optimal efficiency is given based on the 
algorithm model established in the first two questions, combined with the actual situation of 
the section line spacing. Firstly, we define the marking efficiency as the time required for unit 
area marking; secondly, we analyze the relationship between the marking efficiency and the 
interval of the sawtooth parallel section line and the contour parallel section line respectively, 
and draw the corresponding function image; finally, we propose two improvement strategies, 
the first is to give the corresponding marking method strategy for different section line spacing 
The second is to set different marking methods in different regions. Through comparative 
analysis, it is suggested to use the first strategy. 

3. Notations 

For convenience, we use the following symbols in our models: 

 

Symbols Meanings 

 Resolution 

 Pixel size 

 Efficiency of zigzag parallel hatch 

 Efficiency of contour parallel hatch 

 Length of zigzag parallel hatch 

 Length of contour parallel hatch 

 Number of lines 

 Number of circles 

 Zigzag parallel hatch spacing 

 Contour parallel hatch spacing 

 Height of zigzag parallel hatch 

 
The distance from the contraction center of contour parallel 

hatch to the boundary 

4.  Assumptions 

1.We assume that the material and other objective factors of laser marking machine are fixed; 

2. We assume that the marking speed of laser marking machine is fixed; 

3. We assume that the pixel is the smallest unit of distance; 

4. We assume that the width of parallel hatch is one pixel. 
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5.  Establishments and Solutions 

5.1. Establishment and Solution of Problem One 

We have refined the problem one into five steps. 

Image Preprocessing 

There are 1195 pairs of coordinate parameters in graph 1 and 1681 pairs of coordinate 
parameters in graph 2. We need to connect two adjacent corresponding points to form the 
boundary of the graph to be processed. After that, we map the curve to the graph to be 
processed, and then gray-scale processing and black-and-white binarization [5] are carried out 
to facilitate the subsequent processing of the image. This step is the data preprocessing of 
normal follow-up experiment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Gray processing and binarization of color graphics 

5.1.2 Establishment of Pixel Attributes 

The attributes of a pixel include two measures, the number of pixels and the size of pixels. By 
analyzing the data in the dataset, we can see that the first two points are connected to get a 

direct line and the distance of the straight line is , and the number of 

elements was counted. Supposing the number of pixels that the black line (Fig.2) passes 

through between the two points is  (number of pixels in the line), the  (size of a pixel) 

attributes can be calculated by the following formula [6]: 
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Figure 2. Calculation of pixel size 

 

In order to facilitate the calculation [7], we set the value as . We can 

preliminarily set the resolution of the image as follows: 

 

  

 

To facilitate subsequent indentation, we will make appropriate changes to this value. 

5.1.3 Zigzag Parallel Engraving Algorithm Model 

Laser marking with zigzag parallel lines can be simplified as a simple model. Column scan and 
line scan are performed on the indented image, and the image is partitioned and marked (We 
divide the image into 7 pieces). After selecting the starting point in each region, select two 
corresponding points in a column with equal row spacing in different regions to make 
horizontal connection. Then, the gradient budget is made between the sampling points of 
adjacent rows, and the vertical connection is made: 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Region division of single edge figure        Figure 4. Connection mode 
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The algorithm flow chart is as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Algorithm of single edge zigzag parallel hatch  

 

5.1.4 Contour Parallel Engraving Algorithm Model 

Laser marking in the form of contour parallel lines, from a macro point of view, is the process 
of the image constantly shrinking in equal proportion. However, considering the actual process, 
the image cannot always be reduced, that is, when the reduction to a certain extent, the contour 
shape will change, until it finally shrinks to a point. When dealing with this problem, in order to 
imitate the above process, we need to define   a corrosion matrix [8] (se). Through the ‘sum’ and 
‘or’ operation between the source image matrix and the corrosion matrix, the edge of the phase 
matrix can be extended and contracted. 

Corrosion is similar to ‘field being eroded’, and the highlight or white part of the image is 
reduced and refined, and the running result image is smaller than the highlight area of the 
original image. 

Define: 

 

The formula shows that image a uses convolution template B to corrode image. Through 
convolution calculation of template B and image A, the minimum value of pixels in the area 
covered by B is obtained, and the minimum value is used to replace the pixel value of reference 
point. That is to say, if the matrix B is : 
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The red one is what we call original point. We can use the formula below to work out the new 
value of this pixel. 

 

Assume that there are only two value in the matrix, where 1 represents white color and 0 
represents black. 

  

 

In a word, the source pixel of the image matrix is overlapped with the center pixel of the 
corrosion matrix. If the image is to be corroded, the corresponding points around the image will 
be operated. If the calculation result is the same as the corrosion matrix, the phase of the point 
will be retained; otherwise, if the result is different from the corrosion matrix, the value of the 
pixel will be changed to 0. 

 

 

 

 

 

 

 

 

 

 

  

  

       Figure 6. Letter ‘A’             Figure 7. Letter ‘A’ after erosion 

 

In order to facilitate the simultaneous corrosion of images, we set the corrosion matrix (se) as 
follows: 

 

  

 

The process of image corrosion is as follows: 
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Figure 8. Process of image erosion  

The erosion algorithm flow chart is as follows: 

 

 
 

Figure 9. Algorithm of image erosion for single layer graph 

5.1.5 Mathematical Statistics of Results and Parameters 

According to the above principle, the image is processed and binarized: 
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Table 2. Results 

 

 

 

 

 

 

 

 

 

Figure 10. Smooth connection and binarization of curves 

The results and relevant data of laser marking are as follows: 

1. Internal contraction of boundary distance 1mm, hatch line spacing 1mm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Contour parallel hatch (1 mm)      Figure 12. Zigzag parallel hatch (1 mm) 

 

 

Table 1. Results                          

Attributes Measure 

Length 1557.97 mm 

Circle number 15 

Running time 0.9334 s 

   

 

2. Internal contraction of boundary distance 0.1mm, hatch line spacing 0.1mm. 

 

 

 

 

 

 

 

 

Attributes Measure 

Length 1252.75 mm 

Line number 76 

Running time 0.2790 s 
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Figure 13. Contour parallel hatch (0.1 mm)    Figure 14. Zigzag parallel hatch (0.1 mm) 

Table 3. Results                                                              Table 4. Results    

Attributes Measure 

Length 16738.19 mm 

Circle number 143 

Running time 2.4557 s 

   

5.2. Establishment and Solution of Problem Two 

For problem two, we need to consider not only the contraction of the single boundary, but also 
the expansion of the inner boundary. 

5.2.1 Marking of Composite Areas 

Because the boundary is not unique, we need to mark the different boundary areas of the image 
to facilitate the image processing: 

 

 

 

 

 

 

 

 

 

 

Figure 15. Region segmentation of image 

5.2.2 Marking of Contraction and Extension Direction 

After grouping the boundary areas, we need to mark different areas with black and white colors, 
so as to shrink and extend the edges: 

 

 

Attributes Measure 

Length 14111.75 mm 

Line number 771 

Running time 2.4768 s 

1 

2 

3 

4 
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Figure 16. Area marking       Figure 17. Directions of extension and contraction 

 

According to the principle mentioned above, we find that the corrosion of the image is that the 
outer white phase element covers the black pixel of the inner layer, and the expansion of the 
image is that the white element of the inner layer covers the black pixel of the outer layer. When 
we define the division of black and white areas, it is equivalent to specifying the corrosion and 
expansion areas of the image. The shrinkage trend is shown in the Fig. 17. 

5.2.3 Image Dilation 

The dilation is similar to ‘domain expansion’, which expands the highlight area or white part of 
the image, and the running result image is larger than the original image. 

Define: 

 

The formula indicates that B is used to dilate image a, where B is a convolution template or 
convolution kernel, and its shape can be square or circular. Convolution calculation is carried 
out between template B and image A. each pixel in the image is scanned, and the template 
element and binary image element are used for ‘and’. If both are 0, then the target pixel is 0, 
otherwise it is 1. The maximum value of pixels in B coverage area is calculated, and the pixel 
value of reference point is replaced by this value to realize expansion. The following figure is 
the expansion of the original image a on the left to the effect image  on the right. 

Assume that there are only two value in the matrix, where 1 represents white color and 0 
represents black. 
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If the matrix B is: 

 

The red one is what we call original point. Then the result is: 

  

Similarly, the source pixel of the image matrix is overlapped with the center pixel of the dilation 
matrix. If the image is to be inflated, the corresponding points around it will be operated or 
operated. If the resulting matrix contains non-zero elements, the value of the pixel is set to 1. 
The following figure shows the effect of image dilation: 

 

 

 

 

 

 

 

 

 

  Figure 18. Letter ‘A’               Figure 19. Letter ‘A’ after dilation 

 

The process of image dilation is as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20.  Process of image dilation 
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The dilation algorithm flow chart is as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21. Algorithm of image erosion and dilation for multi-layer graph 

According to the above principle, the image is processed and binarized: 

 

 

 

 

 

 

 

 

 

Figure 22. Smooth connection and binarization of curves 

 

The results and relevant data of laser marking are as follows: 

Internal contraction of boundary distance 1mm, hatch line spacing 1mm. 
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Table 6. Results 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23. Contour parallel hatch (1 mm)   Figure 24. Zigzag parallel hatch (1 mm) 

 

Table 5. Results                                        

   

 

 

 

 

2. Internal contraction of boundary distance 0.1mm, hatch line spacing 0.1mm. 

 

 

 

 

 

 

 

 

 

 

 

Figure 25. Contour parallel hatch (0.1 mm)      Figure 26. Zigzag parallel hatch (0.1 mm) 

 

Table 7. Results 

Attributes Measure 

Length 8291.15 mm 

Circle number 115 

Running time 11.9643 s 

 

 

 

Attributes Measure 

Length 1070.62 mm 

Line number 105 

Running time 0.2790 s 

Attributes Measure 

Length 660.51 mm 

Circle number 10 

Running time 1.0047 s 
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Table 8. Results 

Attributes Measure 

Length 13032.05 mm 

Line number 1052 

Running time 38.6854 s 

 

5.3. Establishment and Solution of Problem Three 

In the actual industrial production, the diameter of light spots produced by laser marking 
machine is very small, and the hatching line spacing of laser marking is usually 0.01mm-0.1mm. 
The efficiency of the marking algorithm is related to the section line data. Too much section line 
data will have a great impact on the efficiency of the marking algorithm. We propose a strategy 
model corresponding to the different range of the section line spacing to adapt to the actual 
industrial production. Compared with the previous algorithm, the efficiency of the algorithm is 
improved by 15%. 

5.3.1 Definition of Laser Marking Efficiency 

Laser marking is to fill the closed contour area by the way of serrated parallel section line or 
contour parallel section line by laser spot. We define the efficiency of laser marking (E) as the 
time required for unit area marking. 

Laser marking has a great relationship with the distance between laser section lines. In a fixed 
unit area, the smaller the hatching line spacing of laser marking, the longer the section line 
length will be, thus reducing the efficiency of marking; on the contrary, the larger the hatching 
line spacing of laser marking, the shorter the section line length will be, thus improving the 
efficiency of marking. 

Therefore, we define the efficiency of laser marking E, the length of section line L, and the 
running time T to satisfy the following formula: 

 

Where k is the proportional coefficient. 

The above formula indicates that the efficiency is proportional to the length of the section line. 
We assume that the marking machine, material and other objective factors remain unchanged, 
the marking speed remains unchanged, and that there is a unique relationship between the 
marking efficiency and the length of the section line. Since the longer the section line is, the 
longer the marking time is, it can be considered that the efficiency is directly proportional to 
the length of the section line. 

5.3.2 Efficiency of Zigzag Parallel Hatch 

For the efficiency of zigzag parallel hatch, combined with the mathematical model in problem 

2, we can calculate the length of zigzag parallel hatch lines, and make out the functions of 

efficiency and section line spacing as follows: 

Length of zigzag parallel hatch line: 

 

Where  represents the number of lines of the section line, which can be defined as follows: 
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Where  is the height of the images, and  is the spacing of zigzag parallel hatch. 

Combined with the above analyses, it can be concluded that: 

 

Assuming that  and after the numerical calculation of the above equation, we can draw 

the relationship diagram between the section line spacing (X-axis) and the corresponding 
efficiency (Y-axis) as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27. Efficiency-line spacing of zigzag parallel hatch 

It can be seen from the above figure that the efficiency of zigzag parallel hatch is higher when 
the spacing is 0.01-0.04 mm, and then it decreases rapidly and tends to be flat. 

5.3.3 Efficiency of Contour Parallel Hatch 

For the efficiency of contour parallel hatch, combined with the mathematical model in problem 

2, we can calculate the length of contour parallel hatch lines, and make out the functions of 

efficiency and section line spacing as follows: 

Length of contour parallel hatch: 

 

Where  represents the number of circles of the section line, which can be defined as follows: 
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Where  is the height of the images, and  is the spacing of contour parallel lines section 

lines. 

Combined with the above analyses, it can be concluded that: 

 

Assuming that  and after the numerical calculation of the above equation, we can draw 

the relationship diagram between the section line spacing (X-axis) and the corresponding 
efficiency (Y-axis) as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28. Efficiency-line spacing of contour parallel hatch 

 

It can be seen from the above figure that the efficiency of zigzag parallel hatch is higher when 
the spacing is 0.01-0.06 mm, and then it decreases rapidly and tends to be flat. 

5.3.4 Two Strategy Models of Efficiency 

For different section line spacing, zigzag parallel section line and contour parallel section line 
have different efficiency. We propose two improvement strategies: one is to give the 
corresponding marking method for different section line spacing; the other is to carry out 
different marking methods in different regions. Through our comprehensive analyses, we 
suggest to use the first strategy. 

Put the above two efficiency graphs into the same coordinate system as follows: 
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Figure 29. Efficiency-line spacing of both zigzag and contour parallel hatch 

 

We can see that the marking efficiency of zigzag parallel hatch is higher than that of contour 
parallel hatch when the line spacing is 0.01-0.04 mm; the contour parallel hatch is higher than 
that of zigzag parallel hatch when the line spacing is 0.04-0.06 mm; there is no significant 
difference between the two in 0.06-0.1 mm. Therefore, we give the specific marking strategy as 
follows: 

When the line spacing is between 0.01-0.04 mm, we suggest zigzag hatch. And when the line 
spacing is between 0.04-0.06 mm, we suggest contour hatch. Besides, we should say that both 
the marking methods are suitable. 

Compared with the previous algorithm, the efficiency of this strategy is improved by 15%. We 
do not recommend the strategy of different marking methods in different regions, that is, the 
mixed use of marking methods. Because the marking efficiency is defined as the marking time 
per unit area, the area before and after the sub region has not changed, and the computer needs 
to make judgment in the way of sub region, which will cost more running time and reduce the 
efficiency. 

6. Strengths and Weaknesses 

6.1. Strengths 

1. For contour parallel hatch, there is no complex calculation, and only matrix operation is 
needed; 

2. Two strategies are considered in problem 3 and each suggestion is given. 

6.2. Weaknesses 

1. The code implementation efficiency is not perfect; 

2. The minimum distance, known as pixel distance, cannot be changed at will. 
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