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Abstract 

Aimed at the defects of the traditional Canny operator, this paper puts forward an 

improved algorithm in edge detection. First, this paper gives a new method on self-

adaptive image block based on threshold value. Next, by proposing a new hybrid filter-

bank of self-adaptive median and morphology, we adopt this hybrid filter-bank to smooth 

the noise image. Then, we add the information of gradient in two bevel directions, so that 

the information of gradient is more complete. Last, by using the threshold value to 

process the image of gradient which is after non-maxima suppression, we obtain the 

image edge. For the noise image, this improved algorithm not only can filter out noise 

well, but also the image edge is continuous, smooth, clear. The experimental results show 

that the improved algorithm has a good effect in edge detection, strong capability of noise 

immunity. The objective evaluation and visual effect are good, too. 
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1. Introduction 

Image edge is one of the most basic characteristics of image, which not only contains a 

large amount of information, but also is an important basis on image analysis and image 

segmentation. Therefore, image edge has a very broad application prospect [1-3]. 

Edge detection is widely used in image segmentation, image matching, feature 

extraction, and other fields. It is an important research of computer vision. In the classical 

methods of the edge detection, there are many first-order differential operators: Roberts 

operator, Prewitt operator, Sobel operator, etc. The second-order differential operators 

have: Log operator, Wallis operator, etc. These operators are simple, easy to implement 

and have a good real-time performance. But anti-noise performance of them is generally 

poor. It is difficult to detect the edge of the complex image [4]. Compared to traditional 

differential operators, the Canny operator based on the optimization algorithm is widely 

used because of good signal to noise ratio and the detection accuracy. Canny operator has 

become the evaluation criteria of other edge detection algorithms [5]. However, the 

choices of its filter parameter and hysteresis threshold value exist passive resistance, 

Canny operator also has some shortcomings in terms of real-time [6, 7]. On the basis of 

in-depth study of this algorithm, scholars mainly improved the algorithm in the following 

two aspects. First, improve the noise processing. For example, the literatures [8, 9] 

proposed the improved morphological filtering and bilateral filtering, but the results 

showed that they blurred the image, would not detect edge detail well, or would not filter 

out the noise well. Next, improve the choice of high and low threshold value. For 

example, the literatures [10-12] proposed the improved methods on choice of threshold 

value, but their results appeared the pseudo edge and losing the real edge. So they cannot 

achieve the good effect. 

Two aspects of studies above have different defects. In order to improve the anti-noise 

ability of Canny operator and make the edge continuous, complete and without jagged, on 

the basis of choosing high and low threshold value adaptively and simultaneously in the 
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literature [12], this paper proposes a new algorithm based on self-adaptive image block 

and hybrid filter-bank. Experimental results show that this algorithm is superior to the 

literatures [8-12]. 

 

2. Traditional Canny Edge Detection Algorithm 

One of edge detection algorithms was proposed by John Canny in 1986, which is the 

Canny operator. John Canny converted the edge detection problem into receiving the 

maxima of unit function. He considered that a good operator of edge detection should 

have the following three features, good performance, fine positioning performance, and 

low frequency response for the same edge. Thus three criteria for the decision of the edge 

detection operator were proposed [13]: signal-noise ratio criteria, localization precision 

and unilateral response criteria. The achievement of Canny operator consists of four parts, 

smooth image, calculate the gradient magnitude and direction, non-maxima suppression, 

dual-threshold method for detecting and connecting edge. 

1) Smooth image 

Typically, Canny operator smoothes image by Gaussian filtering. Gaussian function is 
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The smoothed image is 

     yxfyxGyxf ,,,1                         (2) 

Where   is the parameter of Gaussian filtering. It controls the degree of de-noising. 

 yxf ,  is the original image. 

2) Calculate the gradient magnitude and direction 

Calculate the partial derivative of the smoothed image  yxf ,1  in the directions of x  

and y  by using the finite difference of the first order partial derivatives in the 

22 neighborhood.  
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After calculating the partial derivative in the directions of x  and y , we use the two-

norm to calculate gradient magnitude G  and direction of gradient   

                 22 ],[],[, yxpyxpyxG yx                               (4)               
    

             

      yxpyxpyx yx ,,arctan,                      (5) 

3) Non-maxima suppression 

In order to obtain the single pixel edge of the image, the roof ridge of gradient 

magnitude image shall be refined. Detailed process: first iterate through the image, if the 

gradient magnitude  yxG ,  of the point  yx,  is not greater than the two adjacent 

interpolation in the direction of  yx, , the point  yx,  will be marked as non-edge 

point, otherwise marked as the edge point. 

4) Dual-threshold algorithm detection and edge connection 

In the histogram distribution of the gradient magnitude image after non-maxima 

suppression, the number of pixels is accumulated by the direction of increasing gradient 

magnitude. When the accumulated value reaches a certain percentage of the total number 

(like 80%), the corresponding gradient magnitude is a high threshold value. The half of 

the high threshold value is a low threshold value. In the gradient magnitude image which 

is after non-maxima suppression, if the gradient magnitude of one point is greater than the 

high threshold value, the point will be regarded as the edge. If the gradient magnitude of 
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one point is less than the low threshold value, the point will be regarded as the 

background point, it will be deleted. If the gradient magnitude of one point is between the 

two threshold values and connects to the edge point, the point will be regarded as the 

edge, otherwise, it will be deleted. Then, judge the retention points whether they have 

edge pixels greater than the high threshold value in eight directions, if it is, it is edge 

point, otherwise, it considered as background point. 

While traditional Canny operator is better than Sobel operator and Prewitt operator, 

etc. But it still has some deficiencies. 

1) The traditional Canny operator smoothes the image by Gaussian filtering.   is the  

parameter of Gaussian filtering.   controls the degree of smooth de-noising. When   is 

larger, Gaussian filtering is conducive to removal of noise, but it can cause the edge 

excessive fuzzy at the same time. When  smaller, Gaussian filtering is cannot achieve 

the effect of de-noising. Because the   value is fixed artificially in this algorithm, the 

detection results will appear overmuch pseudo edge and the true edge undetected for 

complex image with noise.  

2) The traditional Canny operator needs to set the high and low threshold value 

artificially. It requires much prior experience. In order to find an appropriate threshold 

value, we need to test several times repeatedly. Threshold value set too high that may lead 

to the edge fractured and discontinuous, thereby lead to loss the information of the edge. 

Threshold value set too low that may lead to overmuch pseudo edge in the image of edge, 

even the noise may be extracted as the edge. The actual image is susceptible to light, 

scenes and other uncertainties, so the ratio of high and low threshold value can not be a 

fixed value in different images. Therefore, the traditional Canny operator is not adaptive 

on determining the threshold value. 

 

3. Improved the Edge Detection Algorithm 
 

3.1. Use Threshold for Image Block 

A segmentation algorithm was put forward based on the maximum between-class 

variance by Otsu in 1979, which has been considered the best method for selecting the 

segmentation threshold value automatically [14]. The basic idea is to make the image 

pixels into two types. One is the background and the other is objective. By searching and 

computing the maximum between-class variance, then we obtain the optimal threshold 

value. 

Suppose that N  is the total pixels in the image.  1,0 L  is gray-level range. iN  is 

the number of pixels corresponding to the gray-level i . Its probability is NNp ii   

 1,,2,1,0  Li  . The gray mean of the whole image is 
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The background is comprised of the pixels whose grays are between the  T,0 . The 

objective is comprised of the pixels whose grays are between the  1,1  LT . The gray 

means of the background and objective are shown as 
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Between-class variance of the background and objective is defined as 

             222   TTTTT oobb                      (6) 
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Let T  take values successively in the range of  1,0 L . The best threshold value of 

Otsu algorithm is the T value, which makes  T2  maximum, then the optimal threshold 

value.  

Since the gray scale distributes unevenly in different parts of the entire image, some 

portions may have many details, and some portions appear slightly simple. However, the 

traditional Canny edge detection algorithm uses the same pair of high and low threshold 

value to detect the entire image, which results in the edge information too rich in the 

relatively flat areas and unable to detect the edge detail in the areas where have too rich 

information of the edge. 

According to the problems above, this paper will split image adaptively based on the 

threshold value. It is that to split an image into a number of appropriate sub-regions, next 

we process each of sub-region separately, then combine with the results of processing to 

obtain the global information of the entire image. Image block not only can compress the 

amount of data, to reduce the storage space, but also can improve the speed, to reduce the 

workload of the subsequent analysis and processing. When using the improved Canny 

operator for edge detection on each sub-image, the detection results better reflect edge 

characteristics certainly in the sub-region, and the geometric feature information of each 

sub-region is intact. The contrast is basically in line on each sub-region, and the ability of 

de-noising is strong. Image block can guarantee to achieve higher detection accuracy, etc. 

Therefore, the detection results will not lose the detail of the real edge, will not also 

produce pseudo edge. 

In order to make the edge continuous, there are some overlaps between the sub-blocks 

in this paper. The specific segmentation algorithm is as follows. 

Step 1. Divide the object of processing  nm,  into four parts with a certain 

overlapping. The size of minimum block is nm  of the four parts, if 

  min,min sizenm  , then the end, otherwise continue. 

Step 2. Use Otsu method to calculate the threshold value iT  4,3,2,1i  of each block, 

then determine the maximum threshold value maxT  and minimum threshold value minT  of 

the four thresholds. 

Step 3. Calculate minmax TTT  ,
 
if btT  , it is one effective segmentation. So 

we divide the object of processing into four parts. Then each block sees as a new object of 

processing, and to do step 1. 

Where minsize  is the lowest limit value of each block size. bt  is block threshold, 

which describes the degree of splitting. 
 

3.2. A New Hybrid Filter-bank About Adaptive Median and Morphology 

When adopting the Gaussian smoothing filtering or the smoothing filtering which was 

put forward in the literatures [8, 9] for edge detection, the results of detection show that 

they would not filter out noise extremely, or the edge appeared fuzzy, discontinuous and 

jagged. In order to overcome these shortcomings, it is necessary to improve the existing 

smoothing filtering. So this paper proposes a new hybrid filter-bank about self-adaptive 

median and morphology. 

Mathematical morphology filtering is an important nonlinear filtering emerging in 

recent years. By using its geometric features and algebraic properties, morphological 

filtering has been widely used in shape recognition, edge detection, texture analysis, 

image restoration and enhancement, and other fields. Morphological filtering uses the 

open and close operations for filtering mainly. 
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Assume that  yxf ,  is the input gray image.  yxs ,  is a structural element. fD  and 

sD  are the domains of function  yxf , and  yxs , respectively. For the morphology, the 

definition of dilation, erosion, open and close are shown as follows. 

Definition 1  The dilation operation is  

       sf DyxDyyxxyxsyyxxfyxsf  11111111 ,,,,,max,  

Definition 2  The erosion operation is  

       sf DyxDyyxxyxsyyxxfyxsf  11111111 ,,,,,min,  

Definition 3  The open operation is 

  ssfsf   

The open operation is erosion followed by dilation. It can smooth the contour of image 

and remove small extrudes. 

Definition 4  The close operation is  

  ssfsf   

The close operation is dilation followed by erosion. It can smooth the image outline 

and pad the holes and cracks. 

The close operation of morphology can fill the small space, connect to nearby objects 

and smooth the boundary. The image’s overall position and shape do not change. The 

close operation filters image by filling the re-entrant angle of image. The open operation 

of morphology removes the small bulges. It separates objects in the tiny place and 

smoothes outline of image. The image’s overall position and shape do not change, too. 

The open operation of morphology is a filtering based on geometric calculation. As the 

effect of the morphology for image processing is not only related to morphological 

transformation way, but also related to the selection of structural elements. We can 

combine morphological transformation mode with structure elements to constitute a 

multi-structure element composite filtering. It is 

     2ˆ
21211 ssfssff                              (7) 

Where f  is the input gray image. 1s  and 2s  are structural elements. 

However, the de-noising ability of small-scale structural elements is weak, but it can 

maintain image detail well. The de-noising ability of large-scale structural elements is 

strong, but it will blur image detail. So this paper needs to use other ways to improve. The 

adaptive median filtering can choose different operations to perform depending on the 

circumstances of local neighborhood. It can also process the noise and image signal by 

using different methods. Self-adaptive median filtering uses median filtering for noise 

point, and keeps the same gray-values for the signal points. This method filters out serious 

noise effectively, and maintains image detail well. 

Assume that  yxf ,  is the gray of the pixel at the point  yx, .  yxB ,  is the gray 

window. maxf , medf , minf  are the maximum, median, minimum of gray. maxB  is the 

allowable largest window. 

Implementation of self-adaptive median filtering is as follows. 

Step 1. If maxmin fff med  , then go to step 2. Else increase the size of the window 

 yxB , . If the size of  yxB ,  less than maxB , step 1 again. Else output  yxf , . 

Step 2. If   maxmin , fyxff  , then output  yxf , . Else output medf . 

Therefore, this paper adopts hybrid filter-bank which is composed of self-adaptive 

median filtering and morphology composite filtering with small structural elements to 

smooth the image. 

The hybrid filter-bank is 

     2
~

21211 ssMssMf                                 
 
(8) 
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Where M  is the image after the self-adaptive median filtering. 1s  and 2s  are 33  

structural elements with different shapes. 

Thus, the improved hybrid filter-bank not only retains the image detail, but also 

eliminates the image noise effectively. 

 

3.3. Calculate the Gradient Magnitude 

The traditional Canny operator only extracts the information of gradient about x  

direction and y  direction in the 22  neighborhood. So it is more sensitive to noise and 

loses some important information of edge, especially some information on the bevel edge. 

We can calculate the gradient in the 33  neighborhood, and extract the information of 

gradient in the directions of two bevels to enrich the information. Therefore, we integrate 

the information of gradient in the directions of two bevels and the information of gradient 

in the directions of x  and y  finally [15]. 

The information of gradient in the four directions is obtained by using four convolution 

templates (Figure 1) to weighted average. 
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Figure 1. The Convolution Template 

The corresponding partial derivatives respectively are 
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Where 1

~
f  is the filtered image that is given by formula (8). 

The gradient magnitudes of bevel directions and x  and y  direction are 

   2
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Suppose that 1G  is the gradient magnitude image after processing the G
~

 by non-

maxima suppression. 2G  is the gradient magnitude image that is extracted from the bevel 

directions.  213 ,max GGG   is the gradient magnitude image after the comprehensive. 

 

3.4. Improved Algorithm Process  

This paper splits image adaptively based on the Otsu threshold value, then adopts the 

new hybrid filter-bank about self-adaptive median and morphology to remove the noise 

for getting more edge details. We use the improved Canny operator for edge detection. 

The implementation steps are as follows.  

Step 1. Split the noise image adaptively based on the Otsu threshold value. 

Step 2. Adopt the new hybrid filter-bank to remove the noise of each sub-image. Then 

the filtered sub-image is obtained. 

Step 3. Calculate the gradient magnitude image iG
~

 of the filtered sub-images in the 

directions of x  and y . Then iG
~

 is made non-maxima suppression to get images iG1 .
 
At 

the same time, we extract gradient magnitude image iG2  of bevel directions. 

Step 4. Get  iii
GGG 213 ,max . 

Step 5. Process 
i

G3  based on dual-threshold that was proposed in literature [12] to 

obtain the final edge iE  of sub-image. 

Step 6. Connect iE  into a complete image E . 

 

 

Figure 2. Basic Steps of Improved Algorithm 
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4. The Results and Analysis of Simulation 

In order to verify the feasibility of the algorithm in this paper, we add 'salt and pepper' 

noise with density of 0.1 into the images of bottle, man, watch and flower. Then we use 

the traditional Canny operator, the algorithms in literatures [8-12] and the improved 

algorithm in this paper to detect the edge of the noise images. The results of detection are 

shown in Figures 3-6. From the analysis of simulation results, we can see that traditional 

Canny operator is susceptible to noise. The algorithms can filter out the noise well in 

literatures [8, 9], but the detection results appear jagged edge and losing the information 

of the edge. For example, the edge of the bottle’s neck is discontinuous, the edges of the 

man's hand and coat buttons and distant buildings are missing, and the edge of watch’s 

line at the upper lift is missing, etc. The algorithms can make the edge continuous in 

literatures [10-12], but can not filter out the noise completely. The improved algorithm 

not only filters out the noise well, but also retains the edge continuous, complete and no 

jagged in this paper. 
 

   
(a). Original Image                (b). Noise Image             (c). Traditional Canny Operator 

   
(d). Algorithm in Literature [8]  (e). Algorithm in Literature [9] (f). Algorithm in 

Literature [10] 

   
(g). Algorithm in Literature[11]  (h). Algorithm in Literature[12]    (i). Algorithm in 

This Paper 

Figure 3. Edge Detection Results of Bottle Image  
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(a). Original Image                 (b). Noise Image               (c). Traditional Canny 

Operator 

   
(d). Algorithm in Literature[8]   (e). Algorithm in Literature[9]    (f). Algorithm in 

Literature[10] 

   
(g). Algorithm in Literature[11]  (h). Algorithm in Literature[12]    (i). Algorithm in 

This Paper 

Figure 4. Edge Detection Results of Man Image  

   
(a). Original Image             (b). Noise Image            (c). Traditional Canny Operator 
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(d). Algorithm in Literature[8]   (e). Algorithm in Literature[9]    (f). Algorithm in 

Literature[10] 

   
(g). Algorithm in Literature[11]  (h). Algorithm in Literature[12]    (i). Algorithm in 

This Paper 

Figure 5. Edge Detection Results of Watch Image  

   
(a). Original Image               (b). Noise Image               (c). Traditional Canny Operator 

   
(d). Algorithm in Literature[8]    (e). Algorithm in Literature[9]   (f). Algorithm in 

Literature[10] 
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(g). Algorithm in Literature[11]   (h). Algorithm in Literature[12]    (i). Algorithm in 

This Paper 

Figure 6. Edge Detection Results of Flower Image  

In order to evaluate the effect of improved algorithm more objectively and effectively 

in this paper, we use the MSE (Mean Square Error) and PSNR (Peak Signal to Noise 

Ratio) as evaluation standards. The results are shown in Table 1 and Table 2. 
 

Table 1. The Comparison of MSE in Six Algorithms 

 
bottle man watch flower 

Algorithm of Literature [8] 24884 18327 8956.1 19396 

Algorithm of Literature [9] 24930 18159 7661.4 19050 

Algorithm of Literature [10] 25233 18480 9424.1 19600 

Algorithm of Literature [11] 23734 18001 7090.9 18993 

Algorithm of Literature [12] 24368 18806 9460.4 19550 

Algorithm of This Paper 21944 17833 6904.1 18832 

 

Table 2. The Comparison of PSNR in Six Algorithms 

  

bottle 

 

man 

 

watch 

 

flower 

Algorithm of Literature [8] 4.1716 5.5236 8.6142 5.3214 

Algorithm of Literature [9] 4.1636 5.5400 9.2877 5.4217 

Algorithm of Literature [10] 4.1111 5.4637 8.3884 5.2752 

Algorithm of Literature [11] 4.2771 5.5784 9.6304 5.4311 

Algorithm of Literature [12] 4.2327 5.3998 8.2741 5.3093 

Algorithm of This Paper 4.4611 5.6186 9.7397 5.4838 
 

From the Table 1 and Table 2, they show that the data of this paper are superior to 

literatures [8-12] in these two indicators of MSE and PSNR. 

Consequently, the improved algorithm has a very good effect in visual and objective 

evaluation aspects in this paper. 
 

5. Conclusions 

Edge detection is an important research subject in image processing and computer 

vision, Canny operator is a kind of more effective method of image processing. Aiming at 

the shortcomings of the traditional Canny operator, this paper puts forward a new 

algorithm for image block and a new hybrid filter-bank. Experimental results show that 

this algorithm can suppress the influence of a variety of noises on edge detection 

effectively, it can also detect the detailed information of image edges preferably, and the 

MSE 

PSNR 
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detected edges are continuous and complete. The algorithm in this paper is superior to the 

literatures [8-12], which is more conducive to the image analysis and processing. 
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