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Abstract: In addressing the application problem of digital image technology in the high-precision measurement of the di-
ameter of bearings, a measuring method for diameter of bearings based on the edge detection using Zernike moments is 
proposed. First, the images of bearings are subject to bilateral filtering based on wavelet transformation, and the images 
after pretreatment are subject to the initial setting of pixel level by using Laplacian of Gaussian operator. Then edges are 
positioned accurately by using the subpixel Zernike moments. The result shows that the positioning precision of edges is 
high with this method. A subpixel nondestructive detection of the external diameter of bearing is realized, and the detec-
tion precision reaches the standards of industrial measurement. 
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1. INTRODUCTION 

Bearing is a very important and widely used rotating 
component in the machinery industry with large production 
volume and high requirement for accuracy. Currently, many 
bearing manufacturers in China still depend on mechanical 
and optical measuring instruments to inspect the accuracy of 
the bearing size, and these processes are relatively backward. 
The efficiency and accuracy of inspection method are usual-
ly low, and the method is vulnerable to human-related errors. 
Machine vision is a noncontact measuring technique based 
on image processing technology with accurate and reliable 
detection results. Moreover, among the traditional edge de-
tection algorithms such as Sobel operator and Robert opera-
tor [1-2], the Laplacian of Gaussian operator is an effective 
detection method. However, the positioning precision is only 
of the integer pixel level, which can no longer satisfy the 
requirement for high-precision measurement of bearings. 
Subpixel means that each pixel in the image is further divid-
ed into smaller units to achieve higher precision. The sub-
pixel detection method has been widely used for the high-
precision measurements [3]. 

So far, the subpixel edge detection algorithms mainly in-
clude the interpolation method, fitting method and moment 
method. Related researches [4-5] show that interpolation 
method has a small calculation amount, short computation 
time, good repeatability and strong anti-disturbance ability, 
but the positioning precision is low. The fitting method has 
strong anti-disturbance ability and high positioning preci-
sion. But there are contradictions between the anti-
disturbance ability and detection of edges in complex shape. 
The moment method has high positioning precision, but the 
calculation amount is large and the computation time is long.  
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The edge detection performed in this study is to process the 
images of rolling bearings. The shapes of the edge are sim-
ple. Considering the advantages and disadvantages of the 
introduced methods and the actual situation of measurement, 
the subpixel edge detection algorithm based on Zernike mo-
ments is chosen. Its positioning precision and computation 
time are better than those of other space operators. 

2. PRETREATMENT OF IMAGES 

CMOS sensor and amplification factor of 400 was used. 
The USB interface was used to collect data. The original 
collected data is shown in Fig. (1a). 

Images are unavoidably affected by random disturbance 
and noise during collection, so they need to be pretreated. The 
image denoising methods are mainly in space domain and 
frequency domain [6-7]. Both of them are essentially a band-
pass filter using the isotropic filtering method. The defect of 
such methods is that the edge information of the images will 
be obscured and even destroyed during denoising. Bilateral 
filters can keep the image edges smooth. However, the imag-
es after filtering will still become obscured [8-9]. 

In this paper, bilateral filtering is performed based on 
wavelet decomposition. First, the original images are subject 
to the one-level wavelet decomposition. Signals are decom-
posed into high frequency components and low frequency 
components through wavelet decomposition. Then the high 
frequency subband images, H, V and D, are subject to bilat-
eral filtering. The source images are recovered by using the 
invert wavelet transform. The obtained recovered images are 
balanced in terms of denoising and enhancement of detail 
features with the image enhancement algorithm. Intact edge 
information of the images is obtained, and the images after 
pretreatment are shown in Fig. (1b). So far intact edge infor-
mation can be obtained by edge extraction from the prepro-
cessing results. 
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(a) The original images 

 

(b) The image of bilateral filtering based on wavelet transformation; 

 

(c) The image of edge extraction 

Fig. (1). Experimental Images. 
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Fig. (2). Ideal Two-Dimensional Boundary Model. 
 

3. EDGE POSITIONING 

3.1. Edge  Positioning of Pixel Levels 

The goal of pixel level edge positioning is to preliminari-
ly locate the target edge by using the single-pixel edge detec-
tion algorithm. Thus, the positioning precision of a single 
pixel can be obtained. Common pixel-level edge detection 
algorithms include Sobel operator, Prewitt operator, Laplaci-
an operator and Laplacian of Gaussian operator. Sobel opera-
tor and Prewitt operator can provide intact and accurate edge 
information. But many pseudo edges will be detected at the 
same time, hence the edge positioning precision is low. In 
actual image processing, Laplacian operator is not generally 
used directly since it is very sensitive to noise. The Laplaci-
an image processing will generate the width of bilateral edg-
es [10]. In this paper, the Laplacian of Gaussian operator is 
used as the edge positioning function of integer pixel level as 
it has the functions of filtering noise and detecting edges of 
the images. 

Laplacian of Gaussian is an algorithm that combines the 
Gaussian filter and Laplacian edge detection. When the La-
placian of Gaussian operator is used to extract the edges, the 
Gaussian smoothing template and original images are subject 
to convolution operation to achieve the goal of denoising. 
Then the Laplacian operator of the processed image is com-
puted. Finally the point with the Laplacian value of 0 in the 
detected image is selected as the edge point. The experiment 
shows [11] that the method can achieve the denoising of the 
infrared images, and detailed information of edge of the im-
ages can also be preserved. The effect of edge detection is 
usually satisfactory. 

Two-dimensional Gaussian smoothing function is defined 
as follows. 
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The Laplacian value is calculated from the image after 
using Gaussian smoothing to obtain the Laplacian of Gauss-
ian operator
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2h x, y( ) . The expression is shown as follows. 
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The edge [12] of image 
  
f x, y( )  can be obtained by 

computing the track by which 
  
!

2h x, y( )  passes through the 
zero point. Then the edge image is extracted after scanning 
the whole image for once. The precision of image edge at 
this time is only accurate to the pixel level. The image after 
edge processing is shown as Fig. (1c). 

3.2. Edge Positioning Using Subpixel Zernike Mo-
ments 

The basic idea of edge detection with Zernike moment is 
to simulate the actual edges by using idealized edge model. 
Four edge parameters are obtained by computing 3 Zernike 
moments with different orders of images. These parameters 
are used to determine the subpixel coordinates [13] of the 
edges. The established ideal step edge model [14-16] is 
shown in Fig. (2). The part of straight line of unit circle con-
tained in the circle represents the ideal edge. Gray values of 
both sides of edge in the circle are  h  and  h+ k  , respectively.  
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k is the difference between the gray values of both sides of 
the edge.  l  is the vertical distance from the center of unit 
circle to the edge. !  is the included angle between the edge 
and x  axis. 

The original image is 
  
f x, y( ) . The  n  -order  m  -degree 

Zernike moment of the image are defined as follows. 
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 Where, 
  
V

nm
!,"( )  is the orthogonal  n  -order  m  -degree 

Zernike moment polynomial in the unit circle of polar coor-
dinate system. !  represents the complex conjugate. 

Zernike moment has rotation invariance [17]. That is, the 
modules of Zernike moment before rotation nmA  and after 

rotation 
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 remain the same and only the phase changes. 
The relationship can be expressed as follows. 
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The edge is made parallel with y  axis after clockwise ro-
tation of φ  . Then there is the following formula. 
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Where, 
  
!f x, y( )  is the image after rotation. 

 
According to formulas (5) and (6), Zernike complex poly-

nomial can be obtained: 
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The relationship between the Zernike moment of image 
before rotation and after rotation is shown as the following 
formula. 
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In this paper, the diameter of planar circle of image is tak-
en as 5 pixels. The sampling window is taken as 5×5 pixels. 
The unit circle is inscribed within the square, and divided into 
an average of 5×5 grid, as shown in Fig. (3). The related pa-
rameters of Zernike moment are calculated: 

Three matrices are used. They are 
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 are integrated, respectively. The integral templates of 

the corresponding pixels can be obtained. 
The subpixel edge detection using Zernike moment uses 

the following equation: 
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Where, 
  

x
s
, y

s( )  is the subpixel coordinate. 
  

x , y( )  is the 

edge in rough positioning, and l  is the straight-line distance 
between the origin of coordinates and the edge. 
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1
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1( )  and 
  

x
2
, y

2( )  are the two coordinates of circles in 
the image determined by using the subpixel positioning 
method. d  is the external diameter of the measured bearing. 
See formula (10). 
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Fig. (3). Unit Circle Defined in the 5×5 Pixel Region. 
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Pixel diameter  d  multiplied by the resolution of image 
surface is the actual size of bearing. 

4. RESULT ANALYSIS 

The resolution of the current image surface is calculated 
as 0.04630526 mm/pixel by using the standard component of 
  1cm!1cm  chessboard. The system is used to measure the 
standard bearing. The actual values of external diameter and 
internal diameter of bearing are 25.002mm and 15.005mm, 
respectively. Ten groups of data are obtained as shown in 
Table 1 and Table 2. 

Accurate positioning of image edge is an important factor 
influencing the measuring precision of the image. The anti-
noise ability of the algorithm should be also considered. The 
critical issue to realize for the edge detection is to establish 
an edge model that accords with reality to describe the status 
of characteristic edges of the image. It can be seen from the 

measuring results that the average external diameter of this 
group is 25.004077mm and the average internal diameter is 
15.014343mm. In comparison with the theoretical values, the 
measurement deviation is very small, and the measuring pre-
cision error is less than 3%. The measuring method for the 
diameter of bearings introduced in this paper can achieve a 
high measuring precision and the noncontact and real-time 
measurement of the diameter of bearings can be realized. 
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