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Abstract--To measure the quality of USB camera 

needs a lot of time with current operations. Moreover, it 

might cause some mistakes because of the carelessness 

from tester. This research proposed an approach to 

reduce the test time. First, user can set the test chart of 

customization. Next, the proposed algorithm is applied 

to identify the test chart and to find the position of 

pattern.  Finally, both the operation actions of tester 

and measurement time can be reduced.  
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I. Introduction 
A lot of products are manufactured quickly by 

using automatic method. In order to detect the 

products, each company has its own detection method 

and process. Company uses the process to training its 

employees and detecting the products. Traditionally, 

products are used manual detection. Testers use 

equipment to detect the product's function and look. 
The speed of the detection method is slow. The 

detection result is wrong because human factors. The 

detection result error will reduce the quality of 

products and add the manufacturing cost. In recent 

years, there are automatic and semi-automatic 

detection method to reducing operation actions of 

tester and measurement time. 

In this study, using intelligent video algorithm to 

help detection and prevent known problems when the 

actual manual operation. Intelligent video algorithm 

is used on manufacturing which needs lots of cost, 

such as die detection [1] and PCB detection [2]. And 

the manufacturing model is fixed, such as thread [3] 

and cutters utilized [4].The above applications are 

static environment. The static environment is that the 

environment is changed smaller and can be controlled. 

The product is detected on automatic detection which 

is based on image process technology. First, separate 

the detection area from the non-detecting area. 

Second, detect the detection area. Finally, output the 

detection result. The background usually means 

non-detecting area. And the foreground usually 

means the detection area. Because the environment 

can be controlled, such as light, focal distance, noise 

and the color contrast can be designed in advance. It 

is convenient the image process technology to 

separate the detection area. The proposed approach 

can avoid the manual interference to improve 

accuracy, because the detection process does not need 

manual operation. 

 

II. Literature Review 
    With advances in technology, the quality of the 

products produced by the factory has become 

increasingly sophisticated and complex, the 

production speed faster and faster, making the using 

manual to test the product is a challenge, and  

manually check the speed is slow. In literature [1], 

Manual inspection may be because people's fatigue, 

caused a miscarriage of justice, and the use of manual 

methods to detect will produce significant personnel 

costs. In order to reduce the detection error cause by 

human factors, and reduces the cost of the production. 

Many researches propose the automatic and 

semi-automatic detection to solve these problems. 

Chen [5] proposes a smart machine vision system 

(SVM). This system finds the feature of PCB by 

using the design data on CAD. Using the feature to 

compare with the PCB which needs detection, detect 

whether the solder attached to the PCB board 

correctly. Wu [6] and Rau [7] build a PCB board 

image as a compare template. The template is 

compared with PCB board to detect the deformation, 

short circuit, holes and other defects. 

    For the production of quality products, 

production equipment detection is very important, in 

order to prevent reduction in product quality, or 

damage to the machine, in accordance with the tool 

life to the timely replacement of cutting tools is very 

important. Kurada [8] proposes a measurement 

system. This system adjusts the angle and guide of 

two fiber endoscope illumination to obtain the 

comparison between the wear areas and un-wear area 

to determine the parameters of wear. And then use the 

image process to find the wear area. The extent of the 

flank wear land has been determined using both 

textural and gradient operator. In this study, we 

applied our previous study [10] to develop the 

proposed measuring technique. 

 

III. Measurement Approach 
The purpose of this research is to measure the 

quality of USB camera. There are sixteen testing 

items, such as resolution, color accuracy and shading. 

The functional description is in Table 1. It uses the 

image that the USB camera screens the testing cards 

to measure the quality. It separates two steps to 

measure the quality of USB camera. The detection 
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process is in Figure 1. 

TABLE 1 TESTING ITEMS  

(1) Auto exposure 

(2) Blemish 

(3) Cluster 

(4) Color uniformity(=Color shading)  

(5) Color accuracy 

(6) Dark corner 

(7) Dead line 

(8) Defect pixel 

(9) Flare 

(10) Ghost 

(11) Gray scale 

(12) Resolution 

(13) Light axis offset 

(14) Particle 

(15) Shading 

(16) White balance 

 

 

 

 

 

 

 

 

 

 
Figure 1. Detection Process 

 

A. Identify Testing Card 

The type of testing cards can be divided into 

three parts. (1)Testing chart: There are many different 

patterns in testing chart. The patterns are used to 

measure the quality of USB camera. (2)Black card: It 

is a card that the color in card is all block. (3)White 

card: It is a card that the color in card is all white. 

The different testing items are used different testing 

cards. In order to avoid using wrong card to cause 

detect error, it identifies the testing cards. 

 

 
Figure 2. Testing chart 

 
There are sixteen testing items. Eleven testing 

items use black card and white card to measure 

quality. Five testing items use testing chart to 

measure quality. Figure 2 is the testing chat used by 

this paper. There three patterns in the testing chart, 

color block, gray color block and MTF pattern. This 

research proposed an interface to let user to adjust 

MTF pattern. User can adjust the position and form 

of MTF pattern and the distance between black and 

white stripes. The information input by user is to 

capture the characteristic value of the camera. The 

process of capture characteristic value is in Figure 3. 

The characteristic value is used to find the position of 

MTF pattern. The process of identify testing chart is 

in Figure 4. 

 

 

 

 

 

 

 
Figure 3. MTF Pattern characteristic 

 

 

 

 

 

 

 

 
Figure 4. Identify testing chart 

 

The characteristic value of MTF pattern 

User uploads the image when he set the 

information of MTF pattern. The image is in Figure 5. 

The system uses the image to analysis the 

characteristic value. System scans the image from left 

to right and from top to bottom and calculate the 

maximum value, minimum value and average value 

of width of black and white stripes. 

 

   
       Figure 5. MTF pattern 

 

Classify Image Color 

This research used Hard C-Means (HCM) to 

classify the image color. HCM uses the explicit 

grouping center to classify data. Each data belong to 

one grouping center. The classify state is 1 or 0. The 

initial grouping center may affect the analysis result. 

But the color of testing chart is formulated by 

International Commission on Illumination (CIE). The 

color is fixed, so the initial grouping center can be 

given according to the classify situation. This 

research classifies color into two groups. The result 

separate the black color and non-black color. The 

algorithm is as follow: 

(1) Select grouping center. 

(2) Calculate the distance between each data and all 

grouping center. 

(3) Assign data to grouping center. 

Input image 

Output result 

Identify testing card 

Run testing 

Input Image 

Scan Image 

Output MTF pattern 

characteristic value 

Input original image 

Classify image color 

Determine MTF Pattern Input MTF pattern 

characteristic value 

Output pattern position 
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(4) Recalculate the grouping center. 

(5) Repeat the step from (2) to (4) until grouping 

center cannot be changed. 

The classify result is as Figure 6. The method is used 

to avoid light effecting the result of measurement. 

 

 
Figure 6. Classify color result 

 

Determine MTF Pattern 

The image that analysis by HCM is scanned 

from left to right and from top to bottom. The block 

is marked when it satisfied the characteristic value. 

Then the neighboring block is linked into a large 

block by using the morphological processing. In 

order to find the top left corner and the lower right 

corner coordinates uses the contour algorithm. Then 

through the coordinates calculate the black area. The 

block is removed when the area of block is too large 

or too small. The remaining blocks are the MTF 

pattern. The position of MTF pattern is knew. The 

position of color block and gray color block are fined 

by using the position of MTF pattern. 

Figure 7 is the pseudo code of contour algorithm. 

P is the point where we are searching. Direct is the 

direction of the searching. The searching direction is 

shown in Figure 8. The start point is the lower left 

that labeled as 0. The direction of searching is 

counterclockwise. If the pixel of searching point is 

not 255 then search the next direction. If the pixel of 

searching point then it is the point of block. 

According to the direction estimate the possible 

direction of the next point. Using the point and the 

estimate direction searches the next point. Repeat the 

steps until the searching and start point are at the 

same point. 
 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. Contour algorithm 

 

 
Figure 8. Searching direction 

 
3.2 Black Card and White Card Testing 

The black card and white card are the card with 

single color. The identify process is shown as Figure 

9. First, the image is transformed from RGB color 

into gray color by using formula (3.1). 

Gray=0.299×R+0.587×G+0.114×B      (3.1) 

Then, the color card is identified by using histogram 

and skewness statistics. The process is shown as 

follow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9. Black card and white card 

 

Reduce the noise 

This study applied the average filter to reduce 

the noise. The formula is shown as (3.2). 

AverageFilter(x,y) is the pixel that calculate after 

average filter. X and y are the position of horizontal 

and vertical of image. p(x+i,y+j) is the pixel of the 

image. The values of i and j are between -1 and 1, 

because the mask matrix is 3×3. The average of the 

nine point that is in the area of mask matrix is 

calculated as a new pixel to the point.  

Figure 10 is the example of average filter. The 

pixel of red point is lower than the surrounding. It is a 

noise point. After average filter, the pixel of red point 

is close to the surrounding. It can reduce the noise. 

 
255 189 126 45 

145 45 141 66 

131 112 120 70 

123 68 210 211 

Before Average Filter 

 

 
255 189 126 45 

145 140 141 66 

while(FindStartPoint == false) { 
FindPoint=false 

while(FindPoint==false) { 

if(Image(P)==255) { 
FindPoint=true  

Current=P;  

direct = direct-2;  

  } 

else  direct=direct+1 

P=P+direct 
if(CurrentPoint == StarPoint) { 

 FindStartPoint=true 

} 
 } 

} 

Input image 

Reduce the noise 

Use histogram 

Use skewness 

Output result 

Transform to gray image 
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131 112 120 70 

123 68 210 211 

After Average Filter 

 
Figure 10. Average filter 

 

AverageFilter(x,y) = 
∑ ∑ 𝑝(𝑥+𝑖,𝑦+𝑗)1

𝑗=−1
1
𝑖=−1  

9
   (3.2) 

 

Identify Black Card and White Card 

    Identifying black card and white card is using 

histogram to count times that each gray pixel find in 

the image. The result is analysis by skewness. 

 Histogram is the method of analysis and 

statistical that is often used in digital image 

processing. In this study, the gray image that deals 

with the average filter is counted the gray value 

composition by using histogram. Skewness is a 

measurement value that statistical the distribution of 

the data and the degree oblique direction. The 

formula is shown as (3.3). In formula, n is the total 

number. It means that is the number of horizontal axis 

of histogram. If the result is negative then this card is 

black card. If the result is positive then this card is 

white card. 

Skewness = 

1

𝑛
∑ (xi−�̅�)3𝑛

𝑖=1

(
1

𝑛
∑ (𝑥𝑖−�̅�)2𝑛

𝑖=1 )3/2
       (3.3) 

 

3.3 Measure Quality of USB Camera 

Resolution 

 First, the RGB image is transformed into gray 

image. Then, the image is found the edge by using 

edge detection. The position of MTF pattern is found 

previously. Then, find the maximum pixel and 

minimum pixel that is on those positions and on the 

edge. The result is used formula (3.4) to calculate the 

result of resolution. Then, the result of resolution is 

saved to a log file. 

MTF = 
M𝑎𝑥 pixel−𝑚𝑖𝑛 pixel

𝑀𝑎𝑥 pixel+𝑚𝑖𝑛 𝑝ixel
      (3.4) 

 This paper uses sobel filter to do edge 

detection. Sobel filter uses 3×3 mask to do edge 

enhancement. Each pixel and eight neighbor pixel 

through the mask to calculating the value of edge. 

The formula is shown as (3.5). In formula (3.5), P(x,y) 

is the point that wants to calculate. SobelFilter(x,y) is 

the result of the point (x,y). After the image deal with 

sobel filter, the result will deal with the formula (3.6). 

If the value of SobelFilter(x,y) is bigger than 

threshold, then the value is 255. If the value of 

SobelFilter(x,y) is smaller than threshold, then the 

value is 0. 

SobelFilter(x,y) =  

Max{∑ ∑ P (x + i, y + j)𝑖
𝑗=−1

𝑖
𝑖=−1 × 

SobelMaskk(x+I,y+j)|∀k=1~8}              (3.5) 

SobelFilter(x,y)=

{
0, SobelFilter(x, y) < Threshold

255, otherwise
         (3.6) 

 

Color Accuracy 

 The test chart can be used to measure the Color 

accuracy. First, the RGB image is transformed into 

CIE Lab color space. According to the color block 

position that is found before to measure different 

between the standard color and the captured color. 

The different is calculate by formula (3.7). 

△E=√(L1 − L2)2 + (a1 − a2)2 + (b1 − b2)2  (3.7) 

Shading 

 It uses the white card to detect shading. First, 

the image is transformed into gray image. The gray 

image is split into nine blocks. Each block calculates 

the average of gray pixel. Final, using the formula 

(3.8) to calculate the rate of each block to center 

block. Shadingi is the shading detection value of the i 

block. GrayAveragei is gray average value of the i 

block. The range of number of i is 1 to 9. The number 

5 is the center block. 

Shadingi=
GrayAveragei

GrayAverage5
         (3.8) 

 

IV. Experiment Result 
    A measurement of the quality of USB camera is 

developed to verify the effectiveness of our proposed 

testing method. According to the practice described in 

chapter III, the identified testing chart can find the 

position of each pattern. So the tester does not need 

to select measurement area. This method can reduce 

the operations for tester and shorten the measurement 

time. 

This paper developed an USB camera 

measurement system (UCMS) to measure the quality 

of USB camera. Figure 11 and Figure 12 are the 

result of location. The type of black and white stripes 

in Figure 11 is straight. The type of black and white 

stripes in Figure 12 is oblique. For different type of 

MTF pattern can be successfully locate. Even if the 

tester does not put the testing chart in the middle of 

the screen, it can still be successful on the 

identification and location testing chart. The result is 

shown as Figure 13. 

 

 
Figure 11. The testing result 
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Figure 12. The testing result 

 

 
Figure 13. The testing result 

 

V. Conclusion 
To measure the quality of USB camera needs a 

lot of time with current operations. Moreover, it 

might cause some mistakes because of the 

carelessness from tester. This study developed a USB 

camera measurement system to measure the quality 

of USB camera, so that tester may reduce the test 

time. First, user can set the test chart of customization. 

Next, the proposed algorithm is applied to identify 

the test chart and to find the position of pattern. 

Finally, both the operation actions of tester and 

measurement time can be reduced.  
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