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Abstract: Through the machine vision technology to solve the problem of current 

domestic cap scratch detection is not high under the complicated background 

conditions, the gray value of the bottle scratch image is changed sharply, and many 

influencing factors can not be accurately positioned, a bottle cap scratch detection 

scheme based on machine vision technology is proposed. Firstly, the guided filter 

processing is used to preserve the more complete defect details, the Gauss-Laplace 

operator enhances the defect contour, the difference method extracts the clearer 

scratch defect features, and the dynamic threshold segmentation obtains the binary 

image, according to the morphology of opening and closing. The processing method 

eliminates the influencing factors, and finally uses the connected domain extraction 

and regional feature area technology to extract the scratch and deformation defects. 

The final experimental results show that the scratch recognition rate reaches 99%, 

the detection speed is 167ms, and the anti-interference ability is strong, which satisfies 

the industrial demand. 

 

Keywords: Machine Vision; Defect Detection; Guided filter; Gauss Laplace operator; 
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1. Introduction 

In recent years, bottle and can production has been widely used in the pharmaceutical, 

beverage, and food industries, and the demand is increasing. Therefore, higher 

requirements are placed on the quality of the bottle cap. However, scratches and 

deformations are inevitable in the bottle cap during the production process. Defects, 

seriously affecting the appearance and quality, so the detection of the quality of the 

cap is imminent.The traditional bottle cap defect detection adopts the manual 

detection method, and its efficiency is low, the work intensity is high, the accuracy 
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needs to be improved, and it is often affected by psychological and physiological 

factors. 

With the development of computer technology and image processing algorithms, the 

use of machine vision technology instead of human eyes for defect detection will 

greatly improve efficiency, improve accuracy, and reduce work intensity. The existing 

defect detecting device is designed with a machine vision-based glass bottle surface 

defect detection as proposed by Tan Gang[1].The preprocessing uses the traditional 

Laplace operator to enhance the edge while causing the noise response to become 

stronger, the resulting result is less accurate and the anti-interference ability is not 

very strong. The Gaussian Laplace used in this paper improves the shortcomings of 

the Laplace's strong response to noise.The research on the surface scratch detection 

method based on morphological glass screen proposed by Zhao Wen-hong[2]. is not 

stable in complex environment, and the surface defect detection of object based on 

machine vision technology proposed by He xiao-li[3]. The preprocessing only uses the 

dynamic threshold segmentation algorithm.After the preprocessing, the defect details 

are blurred, the defects cannot be accurately extracted, the weaker defects can not 

be extracted, and the anti-interference ability is also poor. Therefore, in order to meet 

the bottle cap defect detection system, the detection is correct and the response is 

fast. For the stability requirements, I use the bottle cap defect detection algorithm 

based on machine vision technology. The experiment proves that the algorithm has 

good robustness. 

 

2. Design of Scratch Detection Algorithm for Cap Surface 

2.1 Guided filter 

Bottle cap scratch detection mostly uses traditional mean filtering, median filtering, 

and Gaussian filtering algorithms in the filtering process. The disadvantage of using 

them is that the influence of noise filtering on edge pixels cannot be considered, 

although a considerable part of noise can be removed. But it also causes edge blurring 

at the same time.But guided filtering [4-6] can overcome this shortcoming.，The input 

of the filter has a guide image F , an initial image E , and a target image M .The 

assumption of guided filtering is that in the incomplete region, the guided image F  

and the target image M  are linearly proportional. If n  is a pixel, nX  is centered on 

n , r is the radius window of the square, Then there is the following linear relationship 

in nX : 

                             
,r n r n nM C F D r X= +  

                                  
(1) 

In this formula, 
rF  and 

rM  are the values of the pixel points of the leading image and 
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the pixel values after the filtered output, respectively, 
nC  and 

nD  are the transform 

coefficients, which are constants in the determined nX , and FCM =  is known by 

the formula (1). That is to say, when the guided image has edge features, the filtered 

image outputs a more complete and clear edge feature. 

 The key to this filtering is to find the optimal solution of the transform coefficients, 

that is, to solve the minimum value of the loss function. The expression is: 
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Optimal expression of coefficients obtained by linear regression analysis for (2): 
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                                     n n n n-D E C U=                                              (4) 

Where 2

n  and nU  are the variance and mean of the guided image in the window, 

respectively, nE is the mean of the original image in the window, and the average of 

the window of the repeated pixel is worth: 

                                      rr r rM C F D= +                                              (5) 

Among them: 
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It can be seen from (5) that FCM  r  means that the filtered image is 

approximately linear with the guiding image gradient, so it can also output better edge 

features, so this is a relatively important step in preprocessing. 

 

2.2 Gauss Laplace operator 

Traditional cap defect detection often uses Laplace for edge and defect enhancement, 

but Laplace operator has strong response to noise, and Gaussian Laplace operator is 

Laplace operator. The improvement improves the latter's strong response to noise. 

Although the guided filtering suppresses the noise to a certain extent and makes the 

edge clearer, it is found through experiments that the operator can obviously use the 

operator for the edge and Defect enhancement. The expression of the Gaussian 
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Laplace is: 
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The corresponding cross section is as shown: 

    

Fig.1 Cross section diagram of Gauss Laplace operator 

It can be seen from Fig. 1 that the Gaussian Laplace effect is similar to the high-pass 

filter. Since the surface defects and the object edges correspond to the high-frequency 

part of the image, these positions have a strong response to the Gaussian Laplace 

filter.  

 

2.3 Differential method 

Using the difference method to subtract the same image on the image obtained after 

filtering and defect enhancement processing, threshold segmentation of the obtained 

difference image is advantageous for rapid defect detection and determination of 

defect regions [7-9]. If there is a defect, then The place where the gray value of the 

subtracted image is not 0 is the place containing the defect. The formula is as follows:
 
 

1 21        ( , ) ( , )

0        ( , ) {
f x y f x y T

elsed x y
− 

=
                                    (9)

 

Where ),(1 yxf  is the qualified product map, ),(2 yxf  is the map to be detected, and 

the threshold is processed by selecting the appropriate threshold for the subtracted 

image. 

 

2.4 Dynamic threshold segmentation 

Because the image obtained by the difference method is not uniform, it is difficult to 

completely divide using the common single threshold and the global threshold. Based 

on this, the segmentation algorithm combining global and local dynamic threshold is 

used [10-12]. Using the characteristics of image gray difference, Set the threshold a , 

find the gray mean 1 and the variance 2

1  of the complete image, and set the gray 

mean and variance of the image in the window to 1 , 2

2 . If the difference between 

the maximum and minimum gray values of the pixels in the window is greater than 

the threshold a , it indicates that the target area has a defect. Assuming the local 
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threshold is T , the expression is: 

     
 2 2 2 1
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(10) 

When the window has a defect, when the gray level mean of the complete image is 

smaller than the image of the window, the equation above the formula (10) is used, 

and the equation below the formula (10) is used instead. If the area of the defect is 

too large, the formula of Equation (10) does not detect the defect completely, because 

the gray value of the area of the area is not much different, so whether the defect 

inside the area is judged is the following expression: 

    11 -  em                                                (11) 

                               11  en +                                               (12) 

e is the control parameter. When the difference between the gray mean value of the 

complete image and 1e is greater than the mean value of the local area image, it 

indicates that it belongs to the defect area with darker brightness, and in contrast, it 

belongs to the defect area with brighter brightness. 

 

2.5  Morphological processing 

After the bottle cap detection image obtained by the dynamic threshold segmentation 

process, the feature of the defect becomes clear, but there may be a white connected 

domain with a small area outside the contour of the cap. These connected domains 

cannot be filtered out by various filtering forms. Therefore, the morphological 

processing is applied to the connected domain[13]. The use of the first etching and 

expansion operation on the image removes a single pixel and fills a small white 

connected domain with a closed operation. By using morphological processing[14], the 

white connected domain and a single isolated noise point are prevented from affecting 

subsequent operations, whereby the image feature information can be prominently 

highlighted. 

 

3. Cap detection system design 

The detection system[15] is mainly composed of a hardware system and a software 

system. The main function of the hardware system is image acquisition and 

transmission, and the software system is mainly responsible for image processing. 

 

3.1 Hardware system design 

This experiment uses a win10 system 64-bit computer with an Intel i7 processor as 

the processor. The image acquisition device uses Daheng MER-132-30Gx camera with 
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a resolution of 1292(H)*964(V), a frame rate of 30fps, and a pixel size of 

3.75um*3.75um. The light source is divergent LED light. 

 

Fig.2 A schematic diagram of the structure of bottle cap defect detection. 

 

3.2 software design 

Since the light source provides a better illumination environment for image acquisition 

and reduces the influence of the external environment on the separation of the target 

image, the image captured by the CCD is transmitted to the processor, using Microsoft 

Visual Studio 2013 as a development platform, and C++ is used as the main 

development language to call the opencv image. Processing library for detection. 

 

Fig.3 Flow chart of the algorithm design for the bottle cap detection system. 

 

4. Analysis of test results 

In order to verify the superiority of the algorithm, it was verified by experiments, and 

the results are shown in the figure below. Figure a,b,c,d,e,f are the original image of 

the scratch on the cap, and Figure g,h,j,k,l,m are used to extract scratch defects and 
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mark on the cap by the algorithm. The comparison between the figure a,b,c,d,e,f and 

the figure g,h,j,k,l,m can clearly find that the scratch is positioned accurately and the  

is not affected by noise.                       

           

                                                                            

 (a)                     (b)                         (c)                       (d)                    (e) 

                                          

(f)                (g)                (h)                  (j)                  (k)                   (l) 

 

    (m) 

Fig.4 (a),(b),(c),(d),(e),(f) are original  scratch images,(g),(h),(j),(k),(l),(m) are for 

detecting scratches and marking images 

 

Table 1 Experimental results 

Sample 

type 

Test 

sample 

number 

Number 

of  

successful 

samples 

Detection  

error 

sample 

number 

Correct 

rate/% 

Misjudgment 

rate/% 

Unchecked  

rate/% 

Perfect 

sample 

number 

 

300 

 

296 

 

4 

 

98.7 

 

1.3 
 

Number 

of  

defective  

samples 

 

200 

 

197 

 

3 

 

98.5 
 

 

1.5 

The total  

number 

of  

samples 

 

500 

 

493 

 

7 

 

98.6 

 

1.3 

 

1.5 

 

The experiment collected 300 images as samples, of which the number of intact 

samples was 200 and the number of defective samples was 100. Randomly extract 

and collect and test, the results are shown in the table, the correct rate, false positive 
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rate, untested number is 200, and the defect sample is 100. Randomly extract and 

collect and test, the results are shown in the table, this article is measured by the 

correct rate, false positive rate, and undetected rate. The experimental results can be 

seen from the table. The correct rate of the experimental results of this method is 

98.6%, and the false positive rate is Only 1.3%, the undetected rate is only 1.5%, 

and the average time is 167ms.   

 

4. Conclusion 

This paper provides a feasible method for the detection of bottle can scratch. This 

method is based on pilot filtering, Gauss Laplace, dynamic threshold segmentation 

algorithm, morphological processing, feature extraction processing to accurately 

detect the can body, average The correct rate is 98.6%, the false positive rate is 1.3%, 

the undetected rate is 1.5%, and the average time is 167ms. There are also some 

shortcomings in this paper. The scratches on the cap are very fine and the accuracy 

of the environmental changes needs to be improved. 
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