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ABSTRACT: Objective: To understand and determine the superiority and effectiveness of 

computer vision inspection technology in industrial production by studying the measurement of 

machined parts based on computer vision. Methods: Firstly, computer vision technology and its 

basic concepts and principles were thoroughly introduced. Then, three modules of computer 

vision inspection system were constructed, which were image processing module, visual 

acquisition module, and image analysis and inspection module. Subsequently, the hardware and 

software of the measurement system were designed and developed based on the transmission 

chain board. The measurement system was further improved and perfected by using digital 

image processing technology of parts and sub-pixel edge inspection technology. Finally, the 

polynomial interpolation method and moment definition method were compared to determine 

which method was more advantageous. Result: The machine parts measurement system based 

on computer vision can measure the parts effectively and quickly, especially the fine parts, 

which has high intelligence and real-time performance. The comparison between the 

polynomial interpolation method and moment definition method showed that under the same 

precision, the energy consumption of polynomial interpolation method was relatively smaller 

than that of moment definition method, and the sub-pixel value of the polynomial interpolation 

method was higher. Through comparative analysis, it was found that the polynomial 

interpolation method had higher accuracy, less energy consumption, and more advantages. 

Conclusion: The measurement system of machined parts based on computer vision can 

effectively improve the accuracy and efficiency of measurement of machined parts and make 

real-time measurement and analysis of data results, which is of great significance to improve 

the efficiency and quality of industrial production. 

KEYWORDS: Computer vision, Parts; Sub-Pixel edge inspection; Polynomial interpolation; 

Moment definition 

 

1 INTRODUCTION 

Despite the continuous development and 

progress of society and science and technology, the 

measurement technology of micro-size devices is 

still not very advanced, lacking certain accuracy. 

Moreover, its automation level and work efficiency 

are not high [1-3]. In this way, the quality and 

efficiency of the products cannot be improved [4,5]. 

However, the progress and development of an 

enterprise cannot be separated from science and 

technology. Only by paying full attention to and 

utilizing and improving science and technology can 

it promote the continuous development of the 

enterprise. However, the traditional backward 

inspection methods cannot meet our development 

needs. Based on this, many experts and scholars put 

forward the application of computer vision 

inspection technology [6-8]. 

With the continuous development of science 

and technology, computer vision inspection 

technology has been widely used, and the scope is 

becoming wider and wider [9,10]. As a new 

technology, it mainly covers two aspects of vision 

technology and computer technology, acquires the 

image content, processing and application analysis 

through the use of CCD (Charge Coupled Device) 

camera, and then measurement under non-contact 

conditions [11]. If it is in a suitable development 

environment, it has strong independence and self-

applicability that it can automatically process 

images. Additionally, it has very high intelligence, 

real-time performance and linearity [12,13]. In 

particular, it can transform the inherent shape of the 

measured object into the recognizable data shape, so 

that it can be compared and analyzed clearly and 

simply, thus obtaining relatively accurate 

measurement results [14,15]. Researchers have also 

done a lot of summary and analysis on computer 

vision inspection technology. They think that the 

development of computer vision inspection 

technology should adapt to the pace of social and 



ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.17, ISSUE 4/2019 

73 

era development. Besides, the process and steps of 

its application are put forward. Based on this, it is 

supposed to follow their pace and carry out more in-

depth research on computer vision inspection 

technology. 

The measurement of machine parts based on 

computer vision is studied. Firstly, the basic 

concepts and principles of computer vision 

technology are described in detail and thoroughly. 

Then, three modules of computer vision inspection 

system are constructed, which are image processing 

module, visual acquisition module, and image 

analysis and inspection module. The hardware and 

software of the measurement system are designed 

and developed based on the transmission chain 

board. Secondly, the measurement system is further 

improved and perfected by using digital image 

processing technology of parts and sub-pixel edge 

inspection technology. Finally, the polynomial 

interpolation method and moment definition method 

are compared to determine which method is more 

advantageous. Through this research, it can 

effectively improve the accuracy and efficiency of 

measurement of machined parts. 

2 COMPUTER VISION TECHNOLOGY 

Computer vision inspection technology is also 

known as machine vision inspection technology. Its 

application principle is mainly to use computers or 

other equipment to obtain images, to help people 

obtaining image perception as far as possible in the 

three-dimensional world, so as to recognize and 

analyze images. In recent years, computer 

technology has been progressing and developing 

continuously, which is closely related to 

neuropsychology and cognitive science. If in the 

future, it can recognize and analyze three-

dimensional space, describe objects in detail, and 

store information effectively, it will promote the 

development of society as a whole. 

The main function of computer vision 

inspection technology is to process and analyze 

information. The first stage is to input information 

and the second stage is to process information. 

However, information processing can be divided 

into two levels. The first level is to analyze and 

understand images and the second level is to 

process images. Computer vision inspection 

technology helps people to judge and grasp the tail-

box objects by analyzing and processing the images. 

Nowadays, with the rapid development of science 

and technology, computer has become an 

indispensable part of life, especially its image 

processing technology, which has brought people 

great help in all walks of life. 

According to the different functions, the vision 

inspection system includes the following modules, 

as shown in Figure 1: 
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Figure 1. Composition of computer vision inspection system 

 

The first module is the computer information 

acquisition module, which mainly includes the CCD 

camera, lighting system, and optical system. Among 

them, the CCD camera is compact in size, reliable 

in performance, and high in imaging clarity. In the 

whole vision inspection system, the camera is its 

vision part. The main function of the camera is to 

convert optical signals into electrical signals. 

According to different signal transmission formats, 

cameras can be divided into digital cameras and 

analog cameras. Different from other sensors, the 

vision inspection system has high requirements for 

the light in the working environment, which is more 

conducive to work in a good light environment. The 

light conditions have a great impact on the image 

quality of the vision inspection system. A better 
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light condition can form a clearer image and contain 

more useful information in the image because of the 

appropriate light. It can reduce the problems of 

shadow, mirror contrast, and low contrast in 

highlighting. Therefore, the quality of a computer 

vision system can be largely determined by the 

lighting conditions and the lighting system used. 

The important function of optical imaging system is 

to project the whole image of the real object to the 

focal plane of the camera. Optical imaging system 

is an important part of the whole vision inspection 

system. The main parameters of optical lens include 

the size of imaging surface, magnification, 

interface, focal length, working range, angle of 

view, depth of field and so on. Therefore, these 

parameters should be fully considered in the 

selection of optical lens. Optical lenses used in 

vision inspection systems are usually telecentric 

lenses with small distortion. 

The most important part of the computer digital 

image processing module is the image acquisition 

device. The main function of the image acquisition 

device is to convert the video signal acquired by the 

camera into the digital signal that can be processed 

freely by the computer. The selection of image 

acquisition card should consider the type of camera, 

and it must ensure the consistency of the two types. 

The image acquisition card is very important for the 

whole vision inspection system. It can control the 

camera to achieve image acquisition, and can 

convert the video signal collected by the camera 

into digital signal. The performance parameters of 

image acquisition card include image acquisition 

speed and image resolution. The image acquisition 

device includes the following functional modules. 

The core part of the computer image analysis 

and inspection module is the computer. The 

software system is the soul of the whole vision 

inspection system. It is mainly used for image 

feature extraction, analysis and integration. The 

processing speed and accuracy of the software 

system have a direct impact on the inspection 

accuracy and timeliness of the vision inspection 

system. 

3 COMPUTER VISION INSPECTION 

BASED ON DRIVE CHAIN PLATE 

In order to achieve the test target that the system 

needs to complete, a new design for the vision 

inspection system of transmission chain board is 

created from two perspectives, software and 

hardware, on the premise of a typical computer 

vision inspection system. Image acquisition, 

software design, camera, and lighting are the key 

parts of the vision inspection system of transmission 

chain board. Figure 2 shows the structure of a real 

vision inspection system. On the premise of good 

lighting effect, the transmission chain board is 

installed on the shelf equipped with a camera. With 

the help of image collection function of the 

transmission chain board, the image is collected into 

the computer, and then processed with professional 

software. After that, the size, location, and radius of 

the circular opening are known by algorithm 

programming. 
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Figure 2. Structure of vision inspection system 
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3.1 Hardware design of vision inspection 

system for drive chain plate 

The primary factor of the accuracy of computer 

vision inspection results is illumination. Good 

illumination and dark light will produce two 

extremes. One is to get a high-definition image, that 

is, to have a good illumination system, which can 

also improve the reliability of the test. The other is 

that the inspection error rate is too high, which is 

often due to insufficient light, thus failing to obtain 

the accurate information. According to the 

inspection status, different lights are used according 

to the situation, and then a lighting system is formed 

through reasonable arrangement. The experiments 

show that LED (Light Emitting Diode) lights are 

commonly used in the daily life. 

The application of three common lighting modes 

can be divided into three types: foreground light 

mode, coaxial light mode, and background light 

mode, as shown in Figures 3, 4 and 5. The first type 

of foreground illumination is high-angle 

illumination, and the second is low-angle 

illumination. When illuminating, there is no specific 

restriction on the choice of light source, which can 

be any one or more of them. 

light source

The object under 

test

Video camera

High Angle 

Lighting

 
Figure 3. Foreground light mode 

Compared with the other two lighting modes, 

coaxial light mode is different in that it can detect 

texture image more clearly and eagerly. The reason 

is that the distance between camera and object is 

very short, and the light source and lens are on the 

same horizontal line. The advantage of distance 

makes the light source acquired by coaxial light 

mode very abundant. 

light source

The object under 

test

Video camera

 
Figure 4. Coaxial light mode 

The main application objects of background 

light type are the measurement of opaque objects 

and edge objects. The distribution of camera, light 

source, and measured objects are as follows: 
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Figure 5. Background light mode 

In the process of hardware design, image 

integrated card is also very important. Its main 

function is to further analyze and process the data 

obtained. It not only has high efficiency, but also 

has excellent integration and sensitivity, which 

plays a very important role in industrial production 

process. In the process of host displaying, the 

display format of the image card can be controlled 

effectively, and the image card can also be 

collected. The display card can be adjusted by using 

Display Setup in Windows Setup to achieve a 

satisfactory and appropriate mode. In order to 

enable the camera to have two different selection 

modes, color and black-and-white, the data converts 

the display card to 16mil color, which is equivalent 

to RGB888 of the image card. If only black-and-

white images are needed, the image information can 

be transformed. 

Multiplexing A/D
format 

conversion
buffer Interface

RISC

 
Figure 6. Principle diagram of image acquisition card 
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3.2 Overall design of software for vision 

inspection system for drive chain plate 

In LabWindows/CVI virtual instrument software 

environment, software engineers can design control 

buttons and four command choices in different 

inspection systems according to their own ideas. 

The three image display controls are the original 

image, the image after data processing, and the 

center-processed display image. 

Four commands select buttons for image 

processing, calculate radius size and hole spacing, 

and extract and exit the center of the circle. Use 

functions to evaluate commands and pictures to 

achieve the desired purpose. 

After the detection is completed, exit the 

program through the exit command button. 

In order to ensure that the error does not exceed 

the required range, two LED lights are specially 

placed in the system. 

If the error does not exceed the required range, 

the qualified indicator lights in the LED lights will 

be on; if the error size has already exceeded the 

required range, the unqualified indicator in the LED 

lamp is on. 

In this way, users can easily operate the system 

and easily know the qualifications of parts. 

3.3 Key performance indicators of vision 

inspection system for drive chain plate 

The two important performance indexes of 

vision inspection system are inspection speed and 

inspection precision. Production line and industrial 

manufacturing are the common industries used in 

vision inspection system. 

How does vision inspection technology play a 

role in real life? For this reason, two major 

problems need to be solved: the implementation of 

real-time online inspection, how to add vision 

inspection system in production practice, and how 

to ensure the synchronization of production speed 

and inspection speed. 

If the inspection system is stable and the cost 

savings are considered, the methods that can be 

used are software optimization, such as 

optimization of image segmentation algorithm, 

optimization of edge extraction algorithm, and 

image pre-processing using fast pre-processing 

technology. 

Measuring speed is one of the important 

indicators of off-line detection. The stability of 

vision inspection system can be achieved by testing 

accuracy. 

The test materials summarize the test data, and 

analyze the data at the same time to determine 

whether it meets the standard. 

If the measurement results of the object are not 

analyzed, this detection step will not be completed. 

In order to measure the object accurately, a 

reasonable range should be made for the accuracy 

system before the detection is implemented. 

Common methods include subpixel subdivision 

technology and system calibration method. 

4 APPLICATION OF DIGITAL IMAGE 

PROCESSING AND SUBPIXEL EDGE 

DETECTION TECHNOLOGY FOR 

MACHINED PARTS 

 

4.1 Circle detection of traditional Hough 

transform 

From the calculation of circle, it is known that 

three parameters need to be determined in order to 

use it. 

These parameters are the transverse and 

longitudinal coordinates a and b of the center of the 

circle, and the radius of the circle. 

It is necessary to build a three-dimensional 

accumulative array based on the arithmetic. In this 

process, the values of a and b at any point in the 

image are substituted into the equations to calculate, 

and finally r is calculated. In this case, the amount 

of computation is very large. 

According to the geometrical characteristics of 

the circle, the gradient direction of any point on the 

circle either deviates from or points to the center of 

the circle. 

According to this principle, the exact position of 

the center of a circle can be marked theoretically as 

long as the radius of a point on the circle and its 

directions are known. 

The coordinate system equation of a circle is: 

c o sx a r                                        (1) 

s iny b r  
                                     (2) 

Then, the parametric equation of a circle can be 

described as: 

c o sa X r                                      (3) 

s inb Y r                                        (4) 

In the equations above, r is the radius; B is the 

angle between the horizontal axis and the line from 

the point (x, y) to the center of the circle (a, b). 

After the gradient direction of the point is 

calculated, let r take all the values directly, and then 

calculate the corresponding coordinates of the 

center of the circle according to the equation. 
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Figure 7. Vertical cone in parametric space 

corresponding to points in image space 
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Figure 8. Hough transform of a circle 

 

4.2 Circle detection of random Hough 

transform 

According to the principle of the algorithm, the 

amount of memory needed to run the algorithm is 

relatively small because the structure of the 

algorithm is dynamic linked list. The algorithm has 

a large parameter space and a relatively high 

accuracy in determining parameters. However, due 

to the randomness of sampling, many unnecessary 

units are substituted, which will eventually lead to 

too many invalid judgments and increase the 

amount of computation. Thus, when the number of 

target images is large, the computational complexity 

and time-consuming of this algorithm are large. For 

example, in an image with N circles, their radius 

sizes are equal to q, and there are n points in the 

image that are not on any circle. The probability 

that three points selected randomly on the same 

circle according to the algorithm is as follows: 
3

3

( 1)( 2 )

( )( 1)( 2 )

q

N q n

N C N q q q
P

C N q n N q n N q n


 
 

    
            (5) 

3

3 2

( 1)( 2 ) 1

( )( 1)( 2 ) ( )

N q q q N q
P

N q n N q n N q n N q N

 
 

          (6) 

 

The above equation indicates that the probability 

that all three selected points will be on the same 

circle decreases with the increase of molybdenum 

element with the same radius, and the number of 

invalid judgments caused by random sampling will 

also increase. Assuming N is 5, the p value is 4%. 

And the probability that three points are not on the 

same circle will be affected by the number of points 

not on the circle. The more points not on the circle 

are, the smaller the probability value is. 

(a)original image (b)Image after Edge 

Extraction

(c)Hough Transform 

Detection Image  
Figure 9. Hough image change of circle 

 

Therefore, the relative efficiency of random 

Hough transform algorithm is very high only when 

the number of points outside the circle is small and 

the radius of the circle is almost different. 

The transmission chain plate mentioned here 

meets the above conditions relatively and can be 

directly used to identify the circle. 

4.3 Subpixel edge detection 

In the process of computer identification, 

moment method is the most widely used method. 
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For high precision image processing, to ensure that 

an object is in a relatively stable state before and 

after imaging, this moment method is widely used 

in the center accounting of circles, ellipses, and 

rectangles, or in sub-pixel targets based on edges or 

corners. Moment is a conceptual description in 

mathematics, which means that the original function 

can be represented in the new coordinate system, 

and a continuous bound function can be represented 

by a family of moments. 

The definitions of p-space distance p
m

 and 

gray-scale distance pm  of a set of continuous 

functions f(x) are as follows: 

( )
p

p
m x f x d x                                   (7) 

( )
p

pm x f x d x                                   (8) 

The definitions of p+q order space distance and 

gray-scale distance pm  of two-dimensional 

continuous function f(x,y) are as follows: 

( , )
p q

p
m x y f x y d xd y                        (9) 

( , )
p

pm f x y d xd y                            (10) 

In digital image I (I, y), the definitions of the 

origin between p-q and the p-order gray distance of 

the target area S are shown below respectively: 

( , ) ( , )
p q

p q
m i j i j I i j                       (11) 

1
( , ) ( , )

p

pm i j I i j
n

 
                       (12) 

The polynomial interpolation sub-pixel method 

is based on an edged item element whose 

coordinates are very close to the checking center of 

the phase element. 

In this state, the accuracy of measurement is 

mainly limited by the distance w, h between the 

CCD photosensitive elements, where w is the 

directional distance of the phase element x and h is 

the distance in the y direction. In order to better 

detect the accuracy of the system, polynomial 

interpolation detection method can be used. 

Detailed expressions are as follows: 

Yj and yj+h are the insertion points. The 

quadratic interpolation function q(x) of X and the 

quadratic interpolation function r(y) of Y direction 

can be obtained by substitution. The expression is 

as follows: 
2 2 2

2 2

2

2

( ) ( ) ( )
( ) ( 1, ) ( , )

2

( ) ( )
( 1, )

2

j i j

j i

x x w x x x x w
q x f i j f i j

w w

x x w x x
f i j

w

    
 

  
 

                                                                 (13) 

2 2 2

2 2

2

2

( ) ( ) ( )
( ) ( 1, )

2

( ) ( )
( 1, )

2

j i j

j i

y y h y y y y h
q x f i j

h h

y y h y y
f i j

h

    
 

  
 

 
                                                                (14) 

4.4 Accuracy comparison test between 

polynomial interpolation method and 

moment definition method 

Firstly, use different methods to detect its 

accuracy, namely polynomial interpolation method 

and moment definition method, and use these two 

methods to compare. Taking the standard block of 

1mm as the experimental detection target, the actual 

width of the block is measured. The measurement 

results and comparisons are shown in the following 

figure. It shows that the two methods are in the 

same precision. The energy consumption of the 

polynomial interpolation method is relatively 

smaller than that of the distance definition method, 

and the sub-pixel value of the polynomial 

interpolation method is higher. Through 

comparative analysis, the accuracy of the 

polynomial interpolation method is higher and has 

less energy consumption and more advantages. 

5 CONCLUSION 

With the continuous development of science 

and technology, computer vision inspection 

technology has been widely used, and the scope is 

more and more extensive. In recent years, computer 

technology has been progressing and developing 

continuously, which is closely related to 

neuropsychology and cognitive science. If in the 

future, it can recognize and analyze three-

dimensional space, describe objects in detail, and 

store information effectively, it will promote the 

development of the whole society. Traditional 

relatively backward measurement methods have 

been difficult to adapt to and meet the requirements 

of social development. Based on this, it is necessary 

to carry out in-depth research and application 

innovation on computer vision inspection 

technology. 

The measurement of machined parts based on 

computer vision is studied. The polynomial 

interpolation method and moment definition method 

are compared to determine which method is more 

advantageous. Through this research, it can 

effectively improve the accuracy and efficiency of 

measurement of machined parts, and real-time 

measurement and analysis of data results is made, 

which is of great significance to improve the 

efficiency and quality of industrial production. 
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Figure 10. The precision comparison between polynomial interpolation method and moment definition method 
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