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Abstract: With the continuous transformation and upgrading of China's industry, higher requirements have been put forward 
for the quality and efficiency of the industry, and the service of the industrial cleaning. The traditional cleaning method has been 
unable to meet the application needs in the industrial field due to its high pollution and high energy consumption. Laser cleaning, 
as a green, environmental protection, non-destructive new cleaning method, has quickly become a hot technology in the field of 
industrial cleaning. This paper will focus on this argument for laser rust removal. 
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1. Introduction 
Laser cleaning is an innovative solutions for metal surface 

cleaning because its non-contact, flexible, high-efficiency, no 
pollution to environment[1-2]. 

In this paper, it will introduce the principle of the laser 
clearing machine(LCM), including motion control, visual 
algorithm, so it will have a more comprehensive 
understanding of the LCM. In practical application, a 
complete and reliable laser cleaning equipment is needed, 
namely the LCM. It is the product of laser technology and 
other related technologies and is the ultimate physical carrier 
of laser cleaning technology. At present, commercial LCM 
have appeared. This paper integrate vision system with basic 
laser system, which can use PC to control laser or using vision 

guidance to control laser.. 

2. Principle of the Laser Cleaner 
(1) Structure of the laser washer 

The LCM is mainly composed of three modules: laser 
module, vision module and motion control module; the laser 
module is mainly responsible for generating red light and 
laser; the vision module is mainly responsible for scanning 
the rust of metal objects and image processing to transfer the 
location of the metal artifacts to be processed to the motion 
control module, and the motion control module is mainly 
responsible for transporting the metal artifacts to the 
designated position and control vibration-mirror motor, the 
systematic structure is presented in figure 1. 

 

 
Figure 1. Systematic structure of laser clearing machine 

 
In terms of workflow of the LCM, as shown in figure 2 

below, the work piece is fixed into a base and captured picture 
by camera. An image process is implemented for raw image. 
The result will be delivered to control system, which will 

control XY axis for planner moving, and also can control the 
vibration-mirror motor to control the laser path. 
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Figure 2. Laser cleaning process 

 
(2) Laser rust removal principle 

The laser is transmitted through an optical fiber and 
focused by a lens into a laser spot and the position of the laser 
beam on the sample surface is controlled by a high-speed 
galvanometer scanning method to complete the laser 
cleaning[3]. Using this high frequency, high-energy pulse 
laser irradiation workpiece surface, coating layer can instantly 
absorb focused laser energy, make the surface of oil, rust or 
coating instantaneous evaporation or stripping, high speed 
effectively remove surface attachments or surface coating 
cleaning way, and action time is short laser pulse, under the 
appropriate parameters will not harm the metal substrate, 
which is shown in figure 3. 

 

 
Figure 3. Principle of laser rust removal. 

 
(3) Motion control function and structure 

This project will use ZMC controller which is short for the 
ZMotion motion controller. ZMotion controller can be 
applied to various situations that require offline or online 
operation. ZMC motion controller supports Ethernet, USB, 
CAN, 485,232 and other communication interfaces, through 
the CAN bus can be connected to each expansion module. 

ZMC controllers, shown in figure 4, can be debugged 
through the ZDevelop development environment, and 
ZDevelop is a convenient programming, compilation and 
debugging environment. ZDevelop Connect can be 
established with the controller through a serial port, 485, USB, 

or Ethernet. The program can be developed using VC, VB, 
VS, C + + Builder, C #, and so on. During debugging, the 
ZDevelop software can be connected to the controller at the 
same time. In this project, a dynamic link library is used in 
python 3 environment which can also process image and 
transfer data to ZMC. 

 

 
Figure 4. ZMC Motion controller 

 
(4) Image processing 

In the process of workpiece transmission, in order to detect 
whether the workpiece reaches the cleaning area, the upper 
machine needs to treat the each frame of the image taken and 
transmitted back by the machine is detected to determine 
whether there are artifacts in the image.  

The image acquisition equipment to be used in this paper is 
Hikon's MV-CA013-21UC CMOS industrial camera. In order 
to better control the industrial camera, Hikon provides the 
industrial camera SDK, which is available for python 
programming and OpenCV image process. 

(5) Transformation of the image data 

The data type format of the raw image acquired by the 
industrial camera is RGB type, while the data of the image 
data type required for image processing for the image 
processing OpenCV library is BGR type exists in Mat format. 
Therefore, the image data transformation is required. After 
getting raw image data, find a specific rusty area through 
findcontour function and transfer location to motion 
controller in real world coordinates. Simultaneously, motion 
controller sends galvanometer signal to control mirror 
vibration, includes motor speed, acceleration, amplitude of 
vibration. 

3. Implementation 
Because the shape and size of the workpiece vary, in order 

to achieve simplicity, this paper takes the length, width and 
height. The rusty iron plate of 100mm * 100mm * 1mm is 
tested for the workpiece. In order to accurately detect the 
position of the rusty iron plate and prepare for the subsequent 
laser focus and laser cleaning, this paper mainly obtains the 
rusty iron plate area accurately by finding the peripheral 
outline and finding the minimum surrounding rectangle. The 
whole device and structure are shown in figure 5. 
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Figure 5. Prototype machine 

 
(1) Threshold of image segmentation 

The image segmentation method based on the threshold 
value divides the gray value of the image into two groups by 
setting the threshold value, so as to convert the image into a 
binary graph, so as to realize the purpose of image 
segmentation. This method is not only intuitive, but also easy 
to realize and fast computing speed, so it is very suitable for 
the application scenarios of detection when needed. Where 
the formula is shown in below: 

dst ሺ𝑥, 𝑦ሻ ൌ ൜
𝑚𝑎𝑥 𝑣 𝑎𝑙, 𝑠𝑟𝑐ሺ𝑥, 𝑦ሻ ൐ 𝑡ℎ𝑟𝑒𝑠ℎ
0,Other situations

 Where: thresh is the selected specific threshold. Of the 8-
bit images, the maximum value is 255. Therefore, when 
binarizing the 8-bit grayscale image, if the threshold value is 
set to 127, the pixels larger than 127 are processed to 255. The 
remaining values will be treated as 0. As shown in figure 6. 

 

 
Figure 6. Thresholding process 

 
(2) Median filter 

Image preprocessing is very important, especially to 
perform the filtering processing. Because industrial camera in 
the process of image acquisition because of the environment 
or itself because of the environment or the cause of the sensor 
noise, some real pixel value, the noise will cause great 
interference to the subsequent image processing, when 
cleaning metal components may appear the phenomenon of 
reflective parts at this time the median filter is a very good 
method. 

Morphological manipulation is a simple manipulation 
performed according to the image shape. Generally, the 
binary image is manipulated. Two parameters also need to be 
input, one is the original image, and the second is called a 
structured element or a kernel, which is used to determine the 
nature of the operation. Two basic morphological operations 
are corrosion and expansion. They form the open operations, 
the closed operations, and so on. 

Morphology processing is also an important part of the 
application of convolution kernel, which is also called 
structural elements. Structural elements can be rectangular, 
elliptical, line-shape, and function of 
cv2.getStruchturingElement() can be used to generate 
elements with different structures as shown in figure 7. 

 

 
Figure 7. The convolution kernel parameters 

 
And some other useful kernel to extract valuable features 

from images [4,5]. 
 (3) Positioning and scanning of the object contour 

In order to accurately detect the position of the rusty iron 
plate, in preparation for the subsequent laser focus and laser 
cleaning, this project mainly obtains the rusty iron plate area 
accurately by finding the peripheral outline and the minimum 
surrounding rectangle.  

(4) Seek external contours 

To find the vision of the metal contour laser washer, use the 
findcontours function in the OpenCV function library, box the 
rusty part of the image, and transmit it to the motion control 
system and the laser system for cleaning. 

The effects are shown in figure 8. 
 

 
Figure 8. Contour finding 

 
(5) Look for the surround rectangle 
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The findcontours function in the OpenCV function library 
only provides the general outline of the rusty iron plate. In 
order to select the rusty iron plate area, this paper uses the 
getRect function to select the rectangular area that can contain 
the rusty iron plate area. The return value of this function 
returns the position of rectangular area. The effects are shown 
in figure 9. 

Figure 9. Rectangle diagram 

By sketching the rusty part of the metal, laying the 
foundation for the positioning of the rusty part between pixels 
and path generation, so as to provide accurate coordinates for 
motion control and laser. The clearing process and results are 
shown in figure 10. 

Figure 10. Laser process and results comparing 

4. Conclusion
The vision of laser cleaner is mainly processed by OpenCV 

algorithm to identify and scan objects. Nevertheless, the 
vision system can inspect the result of clearing process. 
Vision system will generate basic path for motion controller 
to move station to clear objects which is mount in the base. 
Simultaneously, computer will send information to controller 
to start vibrating in the vibration mirror. 
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