
Volume 3 Issue 6, 2022 

DOI: 10.6981/FEM.202206_3(6).0037 

296 

Frontiers in Economics and Management 

ISSN: 2692-7608 

Subpixel Edge Extraction and Segmentation based on Zernike 
Moment Method 

Lingling Tian, Yunan Su, Wenyu Shi, and Wei Fang* 
School of science,Minzu University of China, Beijing 100081, China 

Abstract 
Edge contains abundant internal information, which is an important attribute of image 
feature extraction in image recognition. Image edge contour extraction is the 
prerequisite of boundary segmentation. With the development of science and technology, 
people's pursuit of image edge contour extraction accuracy is getting higher and higher, 
no longer staying at the pixel level. The appearance of sub-pixel technology not only 
improves the image resolution, but also has great significance for the extraction of 
geometric features of edge contour and image correction. In our passage,we put forward 
a variety of sub-pixel edge extraction algorithm models, and based on these methods to 
detect the edge of the graph.Firstly, gaussian kernel is used to eliminate the interference 
of edge burr and edge shadow, then Canny operator is used to rough the edge, sub-pixel 
edge coordinates are obtained by moment method and the contour is drawn. Finally, 
findContours in OpenCV function library of C++ software is used to extract the edge of 
the image. Figure pic_1 has 1 edge contour, with the length of 3380.16 and a pixel number 
of 2898. Figure pic_2 has 5 edge contours, the length is 6067.93,2101.91,2350.48,1054. 
61,641.07respectively,thenumberis5156,1819,1989,891,540 respectively. The total 
contour length of Pic_3 is 26656 and the total number of points is 1532. 
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1. Introduction 

Image edge analysis is the process of extracting the important information of mutation from 
the image, which is a hot topic in the field of computer vision and the basis of middle and high 
level visual tasks such as image segmentation, target detection and recognition. The first thing 
we need to do in image processing is to detect the edge of the image. The discontinuous change 
of image gray value can reflect the edge of image. For example, the sudden change of gray level 
and color reflect the discontinuous change of image. There are often edges between the target 
objects and between the target objects and the background of the image. In recent years, more 
and more edge analysis methods have been put forward by experts and scholars in this field to 
solve the problems of too thick edge contour and low detection accuracy.  
The existing edge detection algorithms such as Sobel and Canny can detect the boundary of 
image edge pixels, and they complete this detection according to the difference of image gray 
value. However, they do not see the outline as a whole. In order to improve the resolution and 
image quality, sub-pixel computing is proposed and applied. Image subpixel edge extraction is 
a more accurate method than traditional pixel edge extraction, which is also a breakthrough in 
image edge detection and analysis. The appearance and application of sub-pixel edge extraction 
means that the coordinate value of each pixel in the image is updated from integer location to 
floating point location, which greatly improves the accuracy of image edge detection and 
analysis.  
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Image edge detection and analysis is the basic content of image processing, image edge analysis 
will directly affect the image segmentation effect. In the image segmentation technology, image 
segmentation algorithm includes edge detection method. In addition, image edge analysis plays 
an important role in many application fields. Because the edge of an image is a part of the image, 
it contains part of the information in the image, so when we want to study some application 
fields, we should first study and analyze the edge, so that the research is meaningful. In our 
daily face recognition, image processing and other applications, image edge analysis is also 
regarded as a basic step.  
Image edge detection and analysis is one of the most important technical problems in computer 
vision and image processing. Nowadays, many existing research work shows that image edge 
detection and analysis is of great significance in many different fields such as image high-order 
feature extraction, feature description, target recognition and image segmentation. How to 
quickly and accurately locate and extract image edge feature information has become one of 
the research hotspots. Therefore, the research of image edge analysis is of great significance to 
many industries and fields. 

2. Model Theory and Algorithm 

2.1. Definition and Classification of Edge 
The edge of an image refers to the place where gray level mutation occurs in the image. 
According to Rafael C.Gonzalez and Richmard E.Woods, edge has the ability to measure gray 
level jump in a meaningful way[1]. Generally, without noise, edges can be divided into step type, 
slope type, linear type and roof type [2].   
1) Step Edge: Step edge refers to the edge formed by the image suddenly changing from one 
gray level to another gray level. Step edge is shown in Figure 1.  
2) Slope Edge: Slope edge refers to the gradual transition of the image from one gray level to 
another gray level, and the transition zone in the middle is called edge. The slope edge is shown 
in Figure 2. 
3) Linear Edge: Linear edge refers to an edge formed by the image suddenly changing from one 
gray level to another gray level and then returning to the original gray level after a short jump. 
The linear edge is shown in Figure 3.  
4) Roof  Edge: Roof edge refers to an edge formed by the image gradually changing from one 
gray level to another gray level, and then gradually returning to the original gray level after a 
short stay. The roof edge is shown in Figure 4.  
 

 
Figure 1. Step Edge                     Figure 2. Slope Edge 
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Figure 3. Linear Edge                 Figure 4. Roof  Edge 

2.2. Edge Detection Algorithm 
There are many methods of edge detection. The traditional pixel level edge detection methods 
include first-order differential operator, second-order differential operator, Canny operator, 
edge detection method based on SUSAN algorithm and edge detection method based on 
morphology. Although these methods can better position the edge to the pixel level, in order to 
improve the detection accuracy, only to the pixel level is not enough. Based on this, more and 
more scholars have proposed a variety of sub-pixel edge detection methods. In this method, the 
approximate position of the edge is determined by the traditional operator first, and then the 
exact position of the edge is obtained by the curve fitting method. The location accuracy of sub-
pixel can be obtained without sacrificing the speed. The common methods are interpolation, 
fitting and moment method. The existing algorithm of image edge detection is shown in Figure 
5. 
 

 
Figure 5. Image edge detection algorithm summary diagram 

2.3. Edge Detection Method at Pixel Level 
2.3.1. First Order Differential Operator 
First-order differential operators mainly include Sobel, Kirsh, Robert and Prewitt 
operators[3][4]. Different operators have different operator templates, and this kind of 
operator is finding the maximum of the gradient. Firstly, the operator template is used to 
calculate the gradient components of each pixel in the x direction and y direction, denoted as 
𝐺𝑥 and 𝐺𝑦 respectively. Then the gradient components are used to calculate the gradient 
amplitude, and the calculation formula is as follows:  
 

𝐺 = 𝐺 + 𝐺                                                                         (1) 
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Due to edge gradient amplitude significantly greater than the edge gradient values, therefore 
all can be based on pixel's gradient amplitude calculated using Raittcriterion threshold, then 
compare the gradient amplitude and threshold value of each pixel size, if the pixel gradient 
amplitude is greater than the threshold, argues that the pixel is edge point, otherwise the edge 
pixels is not point. The specific steps are shown in Figure 6. 
 

 
Figure 6. First order differential operator detection flow chart 

2.3.2. Second Order Differential Operator 
Second order differential operators mainly include Laplacian operator and LOG operator, etc. 
which detect edge position by using whether the second derivative crosses zero[5]. Firstly, the 
operator template is used to calculate the corresponding value of each pixel, and then judge 
whether the value of each pixel has zero crossing. If present, the point is considered to be an 
edge point, otherwise it is not an edge point. Specific steps are shown in Figure 7. 
 

 
Figure 7. Second order differential operator detection steps 

 
The advantages of this algorithm are simple calculation, fast calculation, but sensitive to noise, 
detection edge is double edge and edge has no direction.  
2.3.3. Canny Operator 
Canny operator is currently recognized as the best pixel level edge detection operator. Its 
author, Canny J F, pointed out that the first derivative of gaussian function can be approximated 
as the optimal edge detection operator[6]. The specific detection steps are as follows:  
Step1: detects two-dimensional Gaussian filtering on the original image to eliminate noise.  
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Step2: calculate the corresponding gradient value and gradient direction of each pixel, and find 
two adjacent pixels according to the gradient direction of each pixel.  
Step3: compare the gradient value of this pixel point with the two adjacent pixels. If the gradient 
value of this pixel point is not the maximum value, reset the value of this pixel point to zero.  
Step4: set double thresholds 𝑆𝑚𝑎𝑥  and 𝑆𝑚𝑖𝑛 to traverse each pixel point in the image. If the 
gradient value of pixel point is greater than the larger threshold Smax, the pixel point is 
considered as the edge point. If the gradient value of the pixel is less than Smin, it is considered 
that the pixel is not an edge point. If the gradient value of pixel point is between large threshold 
𝑆𝑚𝑎𝑥 and small threshold 𝑆𝑚𝑖𝑛, then judge whether there are edge points in the field of the 
point. If there are edge points, then the point is not an edge point, otherwise it is an edge point.  
The edge detection effect of Canny operator is better than the first and second order differential 
operator, but the calculation is large. 
2.3.4. Edge Detection based on SUSAN Algorithm 
The basic idea of SUSAN algorithm is to preset a template in advance, and then traverse all 
pixels to determine the similarity between the pixel field and the given template, and then 
calculate and set the threshold value to determine whether the gradient value of each pixel is 
greater than the threshold value, so as to determine whether the pixel is an edge point[7] . The 
specific steps are shown in Figure 8. 
 

 
Figure 8. The basic idea of SUSAN algorithm 

 
SUSAN algorithm has simple operation, fast operation speed and strong anti-noise ability, but 
because the template is set artificially, its type and size will affect the effect of edge detection, 
so the detection effect is not stable.  
2.3.5. Edge Detection Based on Morphology 
Morphology-based edge detection is mainly performed according to morphologybased 
operations[8]. First, the gray image is transformed into a binary image. Then, an open operation 
and a close operation are carried out on the binarization image to eliminate small holes and 
thin points and get image 1. Then the image expansion or corrosion operation is carried out to 
obtain image 2. Finally, subtract image 1 from image 2 to observe the value of the corresponding 
pixel point. If the value of the pixel point is not zero, it is an edge point, otherwise it is not an 
edge point.  
The algorithm has the advantages of adaptability, fast detection speed and continuous edge 
detection, but the results of edge detection of this kind of algorithm are highly dependent on 
the binarization image. If the binarization image is not good, the detection effect is not ideal.  
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2.4. Edge Detection Method at Sub-pixel Level 
2.4.1. The Moment Method 
The moment, as a complete mathematical description, is equivalent to the expansion of the 
original function in a new coordinate space, that is, a piecewise continuous bounded function 
can be uniquely represented by its family of moments. The basic principle of the gray moment 
edge location algorithm is to assume that the actual edge distribution in the actual image is 
consistent with the gray moment of the ideal edge model, that is, the moment is constant. The 
position of the actual edge is determined by this relation. Tabatabai et al. first proposed an 
algorithm to locate subpixel edges by using the first three gray moments, and then methods 
based on spatial moments and Zernike orthogonal moments were proposed successively. The 
Zernike moment method is much less than the spatial moment method because it only needs to 
calculate three templates. However, these methods are proposed for ideal edge models. Shan et 
al. improved the moment method by using the fuzzy edge model, which can reflect the edge 
information more truly. The advantage of moment method is that it is easy to calculate and can 
obtain analytical solution. However, the moment method is sensitive to image noise. If the fuzzy 
edge model is considered, the model parameters will be increased, which makes it very difficult 
to determine the analytical solution. 
2.4.2. The Interpolation Method 
The core of interpolation method is to interpolate the gray value or the derivative of gray value 
of pixel point to increase information, so as to realize sub-pixel edge detection. Among them, 
the more studied methods are quadratic interpolation, B spline interpolation and Chebyshev 
polynomial interpolation. Interpolation class operation time is short, the quadratic 
interpolation algorithm is simple, can be implemented by hardware, suitable for online 
detection. When the line diffusion function of the optical system is symmetric, the accuracy of 
interpolation edge detection is higher. The interpolation method is similar to the moment-
based method, and the calculation process is simple, but it is easily affected by noise.  
2.4.3. The Fitting 
The fitting method is to obtain the sub-pixel edge location by fitting the gray value of the 
assumed edge model. Nalwa et al. proposed a least square fitting algorithm with hyperbolic 
tangent function as the edge model. The edge model used in the algorithm proposed by Ye et al 
is gaussian edge function obtained by convolution of ideal edge model and Gaussian function. 
Both algorithms can provide high precision of sub-pixel edge location. The fitting method is not 
sensitive to noise because it does not need numerical differentiation, and the fitting is carried 
out according to the minimum distance between each gray value and fitting curve, which not 
only makes reasonable use of the gray value with error, but also reduces the influence of gray 
value error. However, due to the complexity of the model, its solving speed is slow.  

2.5. Improved Sub-pixel Edge Detection Algorithm 
2.5.1. Based on Improved Morphological Gradient and Zernike Moment 
In this algorithm, the edge points are located roughly, and the improved morphological gradient 
operator is used to determine the edge points' coordinates and gradient direction at the pixel 
level. Then, according to the constructed edge point vector and reference threshold, the Zernike 
moment algorithm is used to reposition the edge points to achieve sub-pixel edge detection. 
This composite image edge sub-pixel detection algorithm can well integrate the advantages of 
mathematical morphological gradient operator and Zernike moment algorithm, and has good 
anti-noise performance and accurate sub-pixel positioning ability. Its calculation is relatively 
small, and can quickly realize the sub-pixel edge detection of CCD image measurement system. 
In addition, due to the simple and high contrast of general measurement images, if appropriate 
template window is adopted, the algorithm can have good processing efficiency, meet the 



Volume 3 Issue 6, 2022 

DOI: 10.6981/FEM.202206_3(6).0037 

302 

Frontiers in Economics and Management 

ISSN: 2692-7608 

requirements of real-time and subpixel accurate measurement of general image measurement 
systems, and has a good application prospect.  
2.5.2. Based on Spline Interpolation Subpixel Edge Detection Method  
The improved method combines the improved morphological gradient filter operator with 
cubic spline interpolation for edge detection. Firstly, the improved mathematical morphological 
gradient filter operator is used for rough location of edge points, and the pixel-level edges of 
images are obtained. Then we use cubic spline interpolation to interpolate the extracted edge 
image, that is, sub-pixel precision positioning. Finally, the interpolated edges are refined to 
obtain sub-pixel edge images. The detection flow of the algorithm is shown in the Figure 9. 
 

 
Figure 9. Subpixel edge detection by spline interpolation 

2.5.3. Based on Bezier Edge Model 
The algorithm first convolved with the ideal edge model in the original Bessel point diffusion 
function and introduced the modified parameter T to obtain the modified Bessel edge gray scale 
model. Then, the image edge information is used to carry out the least square fitting of the 
model. During the fitting process, the edge model is modified by modifying parameter T, and 
the accurate edge model is finally obtained. Considering the influence of digital sampling and 
other factors on gray distribution, the sub-pixel position of image edge is obtained.  
2.5.4. Based on Bezier Edge Model 

Aarctan ω −
𝜑

𝜔
+ 𝑥 + 𝜑  

                                              = Aarctan(𝜔𝑥) = −𝐴𝑎𝑟𝑐𝑡𝑎𝑛(−𝜔𝑥)                                            (2) 

=Aarctan(𝜔 − − 𝑥 + 𝜑) 

 
From the above equation, it can be concluded that the theoretical edge points (−𝜑/𝜔, 𝑚) of the 
arctangent function are center-symmetric. So the areas of S1 and S2, as shown in Figure 10, are 
also equal in theory. In the figure, the horizontal dotted line represents the upper and lower 
ranges of the arctangent function, and the vertical dotted line represents the theoretical edge 
position.  
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Figure 10. Arctangent function 

 
Since the normal gray distribution of the edge conforms to the arctangent function model, it can 
be concluded that the segmentation point of 𝑆1 = 𝑆2 can be satisfied, that is, the theoretical sub-
pixel edge point of the pixel (−𝜑/𝜔, 𝑚).  
Considering the complexity of arctangent curve fitting and the huge amount of calculation for 
its integration, this paper characterized  𝑆1 and 𝑆2 mentioned above by calculating the 
trapezoidal area of transition point gray of edge method and maximum and minimum gray 
value of theoretical edge method. According to the above theory, the gray value of transition 
point also lies on the arctangent function theoretically. However, when the arctangent function 
is represented by a finite number of points, the area of 𝑆1' and 𝑆2′ .will make some error with 
the actual values 𝑆1 and 𝑆2, so the number of transition points selected according to the actual 
situation must be taken into consideration in the algorithm.  
Assume that the distance between two adjacent transition points is ∆X, and the length is 1 pixel 
when the normal direction of the edge is horizontal or vertical, and 1 pixel in both horizontal 
and vertical directions when the normal direction of the edge is inclined, and the total length is 

 pixels. Suppose k transition points P are taken from both sides of the pixel level edge point 
normal, then the total number of transition points is n=2k+1. The gray values of 𝑃1 and 𝑃𝑛 were 
used to represent the gray values of the two horizontal dotted lines.  
Obviously, because of the limited number of transition points, 𝑆1′ and 𝑆2′ are not equal. If 𝑆1′ > 
𝑆2′, then the edge points are between Pk and Pk+1, if 𝑆1′ < 𝑆2′ , then the edge points are 
between Pk+1 and Pk+2. It can be deduced that:  
 

⎩
⎪
⎨

⎪
⎧ 𝑥 = 𝑥 − = 𝑥 −

𝑥 = 𝑥 −
∑

( )∆
∑

( )∆

𝑥 = 𝑥 −
∆

( )
(2∑ 𝑦 − (2𝑘 + 1)( 𝑦 + 𝑦 ))

                                  (3) 

 
Among that, Xk +1 is the pixel level edge point, ∆X can be regarded as the unit length of edge 
method upward, n=2k+1. The variable only has the gray value of transition point and the 
number of points taken on both sides k, which greatly reduces the complexity of calculation and 
greatly improves the calculation speed.  
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3. Results Display 

 
Figure 11. Amplitude  images                   Figure 12. Angle images 

 

 
Figure 13. Subpixel edge image 

 
The result shows that the total length of the figure is 3771, and the total number of contours is 
10, including 1 long contour and 5 short contour. So the total contour of the image is going to 
be this long contour. Specific parameters are shown in the following table1.  
 

Table 1. Pic1_1 Edge Contour Data Output Format 
Total Edge Contours Count  1 

Total Edge Contours Length  3380.16 

Edge Contour 1 
Length 3380.16 

PointCount 2898 

 

 
Figure 14. Amplitude  images                        Figure 15. Angle images 
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Figure 16. Subpixel edge image1               Figure 17. Subpixel edge image2 

 
Table 2. PPic1_2 Edge Contour Data Output Format 

Total Edge Contours Count   5 

Total Edge Contours Length  12216.32 

Edge Contour 1 
Length 2350.48  

PointCount 1989  

Edge Contour 2 
Length 1054.61  

PointCount 891  

Edge Contour 3 
Length 641.07  

PointCount 540  

Edge Contour 4 
Length 2350.48  

PointCount 1989  

Edge Contour 5 
Length 1054.61  

PointCount 891  

 
The result shows that the length of all contours of the figure is 8400, and the total number of 
contours is 19, among which there are 9 long contours and 4 short contours, so the total contour 
of the image is the sum of 9 long contours. It can be seen from Figure 16 above that missing 
pixels may lead to curve disconnection in originally continuous areas. Therefore, we manually 
connect curve segments and obtain specific parameters in Figure 17 as shown in the following 
table2.  
 

 
Figure 18. Amplitude  images                      Figure 19. Angle images 
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Figure 20. Subpixel edge image 

 
Table 3. Pic1_3 Edge Contour Data Output Format 

Total Edge Contours Count 1532  

Total Edge Contours Length 26656  

4. Conclusion 

Our paper selects two correction methods for comparative correction to make the results more 
reliable. Adopts a variety of fitting methods, and finally obtains a more reasonable image 
segmentation. we put forward a variety of sub-pixel edge extraction algorithm models, and 
based on these methods to detect the edge of the graph.Firstly, gaussian kernel is used to 
eliminate the interference of edge burr and edge shadow, then Canny operator is used to rough 
the edge, sub-pixel edge coordinates are obtained by moment method and the contour is drawn. 
Finally, findContours in OpenCV function library of C++ software is used to extract the edge of 
the image.The results show that our method performs well. 
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