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__________________________________________________________________________________________ 

Abstract: In the process of development in many fields in China, it is necessary to take accurate 

measurements on some internal objects, such as the abrasive industry and the footwear 

industry. It is necessary to accurately analyze and measure the internal shape. With the 

continuous development of China's science and technology, the internal shape measurement 

method of cavity part is mainly to fill the inside of the cavity part with gypsum, and the internal 

shape of the cavity part is accurately measured by gypsum after external measurement. In 

addition, the measurement accuracy of this method cannot be guaranteed to a certain extent, 

mainly due to the fact that the gypsum curing shrinkage or damage will affect the measurement 

accuracy. To this end, a high-precision cavity measurement method is required to improve the 

efficiency and accuracy of the measurement process. Taking the shoe measurement as an 

example, the measurement method is explored. 
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__________________________________________________________________________________________ 

1. INTRODUCTION 

In the course of life, people are inseparable from food, clothing and housing. With the rapid 

development of China's economy, the rapid development of China's industrial enterprises has 

been promoted to a large extent, and the footwear industry has also developed rapidly. In the 

process of making shoes, it is necessary to accurately measure some specific parts. This 

method uses a mold cavity measurement method based on liquid level tomography to improve 

the measurement accuracy of the object. 

2. PRINCIPLE OF MOLD CAVITY MEASUREMENT BASED ON LIQUID LEVEL 

TOMOGRAPHY 

If the object is in a liquid, a liquid-solid contact line is formed between the surface of the liquid 

and the object. It can be seen that the liquid-solid contact line is the cross-sectional profile of 

the object at this position [1]. Injecting a certain medium into the shoe, the medium has the 

characteristics of good diffuse reflection, low transmittance and large color chromatic 

aberration, and the liquid level liquid image is effectively recorded by the camera, and the 

image needs to be analyzed in detail. This determines the cross-sectional shape of the liquid at 
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the liquid level, which is the planar shape of the shoe lumen. In addition, changing the liquid 

level and performing repeated operations can effectively measure the planar shape at different 

liquid levels, and then extract the edges by computer software to obtain digital data points, 

thereby forming a three-dimensional shape of the inner cavity. The specific measurement 

system principle is mainly manifested in the following aspects: 1. Install the camera in the 

motor and connect with the computer; 2. Fix the shoes in the test platform, open the camera and 

image software, and shoot the image, in the window In the observation; 3, inject white liquid 

into the shoe, adjust the light source, adjust the focal length of the camera to make the image 

even and bright; 4, take pictures and make automatic measurement; 5, the computer controls 

the motor to open and rise, and open at the same time Inject the liquid, inject the liquid, and 

take a picture after the page is stable. 

3. TECHNICAL INDICATORS AND HARDWARE SYSTEM STRUCTURE 

Technical indicators and hardware system structure are mainly reflected in the following 

aspects [2]. 1, CCD camera. The main use of color digital cameras has great advantages, such 

as high resolution, small size and high definition. Sensor CCD; resolution is 1392*1040; 3, 

pixel size is 6.45*6.45; 4, resolution is greater than 800 lines; 2, laser displacement sensor. The 

laser displacement sensor is capable of accurately measuring the liquid level. After the liquid is 

injected, the CCD camera is raised and kept at the same level as the liquid level while 

maintaining a uniform step distance. The distance of the camera is set to 1 nuu, that is, the 

liquid level rises by 1nuu, and the camera takes an image. This requires an increase in the 

accuracy of the laser displacement sensor, which needs to reach d<0.1 nuu; 3, the liquid 

injection system. The system can inject a certain amount of liquid into the shoe, and needs to 

meet the conditions of the open mechanism; 4, the system light source realizes stable and 

uniform illumination in the liquid surface fault, and maintains a certain brightness. Figure 1 

shows the Principle of liquid level tomography. 

 

 
Fig 1. Principle of liquid level tomography 
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The liquid injection method is mainly manifested in the following aspects: 1. the tube is 

suspended in the liquid. The tube suspended liquid injection can carry out the liquid injection at 

any time, which does not affect the extraction of the liquid surface fault edge of the image 

processing machine to a large extent. However, since the tube is suspended, the liquid may 

cause the liquid to splash heavily into the inner cavity wall during the injection, which affects 

the phase processing of the later stage to a large extent, making it difficult to perform 

high-precision extraction of the edge of the fault; Injecting liquid. Such a liquid injection 

method can effectively solve the liquid splash problem to a large extent, and the liquid injection 

method is more efficient; 3, the tube is closely injected. The tube is pressed close to the liquid, 

that is, the liquid injection can be injected close to the liquid surface, which can effectively 

solve the appearance of the image tube in the image shooting. 

4. RESEARCH ON MEASUREMENT METHOD OF MOLD CAVITY BASED ON 

LIQUID LEVEL TOMOGRAPHY 

4.1 Image preprocessing 

4.1.1 Image graying 

This project uses the color digital camera produced by Daheng. The obtained image is a 24-bit 

true color image. The 24-bit RGB true color image mainly refers to the different color 

components of R, G and B in different pixel values. The pixel cannot be mainly three bytes. As 

shown in Figure 2, it is the RED color coordinate system. In addition, the grayscale image is 

generally represented by one byte, and the grayscale value is mainly any value between 0 and 

255. YUV is mainly a color-coding method used in the operation of a television system, where 

Y is a luminance component, and U and V both represent chrominance components. For this 

reason, an effective conversion between YUV and RGB can be performed, in which the 

conversion is as follows: 
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Fig 2. RED color system 
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4.1.2 Image filtering 

Mean filtering is also called the neighborhood averaging method. Since different images have 

gray values of noise points, and the value has a large difference with the adjacent gray values, it 

is necessary to use the neighborhood averaging method. The noise in the image is effectively 

eliminated. This method can better eliminate the noise in the image and is the most effective 

method to eliminate the noise. 

Suppose ),( yxf  is the actual gray value of the ( )yx,  coordinate in the image; )8,...2,1( =iOi  

is the gray level of the adjacent point of ),( yxf . It can be seen that the field average method 

can be effectively represented by the following formula: 
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Among them,   represents the error threshold of the gradation of ),( yxf  at the ( )yx,  

coordinate point and the average value of other gradation sums. When the magnitude of the 

value is determined, it can be done by scientific and reasonable experiment by the degree of 

tolerance. 

4.2 Image edge detection 

Image edge detection is mainly to effectively identify the image target, which requires tracking 

processing on the target edge, also known as contour tracking. Contour tracking mainly 

searches for edge points according to a certain order, so as to track the boundary points [4-5]. If 

the image is a binary image, it can perform contour tracking of 8 connected regions to a large 

extent, and the main performance of contour tracking In the following aspects: 1, the entire 

image is effectively scanned, which also needs a certain order in the scanning process, 

generally from bottom to top, from left to right, effective scanning, if in the scan For white 

pixels, set this to the contour point; 2, starting from the contour point, assuming that the starting 

scanning direction is the upper left direction, and the pixel in the direction is white, then the 

upper left point is set as the contour Point, otherwise scan clockwise 45 degrees during 

scanning until white pixels appear; 3, with new contour points as scanning points, rotate 90 

degrees counterclockwise to the previous scanning direction, continue to white pixels in the 

same way The effective scanning of the point; 4, repeating the above step 3 until it coincides 

with the starting point of the initial contour, thereby stopping the scanning. As shown in Figure 

3, it is the result of image threshold segmentation. 
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Fig 3. Image Threshold Segmentation 

4.3 Image threshold segmentation 

The image threshold segmentation method is suitable for image segmentation problems where 

the target object and the background have large differences in gray scale. If the gray scale 

difference is small, the segmentation cannot be performed effectively. The segmentation image 

method is a region segmentation method. The threshold segmentation method mainly refers to 

an image segmentation technique that performs effective analysis based on the difference 

between the extracted object and the background gray scale, and then performs the image on 

the target region of different gray levels [3]. In addition, the most important part of this 

segmentation method is the thresholding segmentation method. In general, the image consists 

of bright and dark dots, and the grayscale has certain differences. Two different peaks appear, 

which appear in low gray [6-8]. The value area and the high gray value area. If you want to 

extract objects from the background, you need to set the gray value corresponding to the 

bottom to the T value, and then compare all the gray values with the threshold. The threshold is 

greater than the threshold. The formula is as follows: 
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The ( )yxg ,  obtained by this method is a binarized image, that is, an image in which the gray 

value of the image is only 0 and 255, and two values are formed. 

5. CONCLUSION 

In summary, at present, some small and medium-sized enterprises in China still adopt more 

traditional production methods and lack modern development awareness. The most typical 

example is the measurement of the shape of shoes by gypsum to obtain the internal shape of the 

shoes. It will reduce the accuracy of internal measurement and directly lead to a significant 

reduction in production quality, mainly because of the lack of necessary scientific and 

scientific methods. The complex cavity part measurement method based on liquid level 

tomography is a new measurement technology since the development of science and 

technology, which has a high scientific nature, which lays a good foundation for improving 

measurement accuracy. 
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