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ABSTRACT 
 

Edge detection is one of the most important stages in digital image processing and medical image processing. 

The Canny edge detector is widely used in computer vision and medical imaging to locate sharp intensity 

changes and to find object boundaries in an image. The Canny edge detection algorithm is most widely used 

edge detection algorithm because of its advantages. The Canny edge detector classifies a pixel as an edge if the 

gradient magnitude of the pixel is larger than those of pixels at both its sides in the direction of maximum 

intensity change. In this paper an efficient approach for improving canny edge detection Algorithm has been 

proposed which uses variable sigma and thresholding for different parts of the medical image. The results of 

experiments show that it performs better to find edges for low resolution angiography images. 

KEYWORDS: Edge detection; Canny edge detector; Edge accuracy, Gaussian Filter, Sigma, Entropy. 

I. INTRODUCTION 

Edges are significant local changes of intensity in an image. Edges typically occur on the boundary 

between two different regions in an image. So it has fundamental importance in medical image 

processing. It is basically a method of segmenting an image into regions of discontinuity. It is a basic 

tool used in medical image processing, basically for feature detection and extraction, which aim to 

identify points in a medical image where brightness of image changes sharply and find discontinuities. 

The purpose of edge detection is significantly reducing the amount of data in an image and preserves 

the structural properties for further medical image processing [1][2]. 
Edge detection is one of the fundamental operations in computer vision and medical image processing 

with numerous approaches to it. In an historical paper, Marr and Hildreth [3] introduced the theory of 

edge detection and described a method for determining the edges using the zero-crossings of the 

Laplacian of Gaussian of an image. Haralick [4] determined edges by "tting polynomial functions to 

local image intensities and "nding the zero-crossings of the second directional derivative of the 

functions. Canny [5] determined edges by an optimization process and proposed an approximation to 

the optimal detector as the maxima of gradient magnitude of a Gaussian-smoothed image. Clark [6] 

and Ulupinar and Medioni [7] independently found a method to "lter out false edges obtained by the 

Laplacian of Gaussian operator. Bergholm [8] introduced the concept of edge focusing and tracked 

edges from coarse to "ne to mask weak and noisy edges. A curve fitting approach to edge detection 

was proposed by Goshtasby and Shyu [9] in which edge contours were represented by parametric 

curves that "tted to high gradient image pixels with weights proportional to the gradient magnitudes of 

the pixels. Recent advances in edge detection include a method by Elder and Zucker [10] to determine 

edges at multitudes of scales, and an adaptive smoothing method by Li [11] to remove noisy details in 

an image without blurring the edges. Many other edge detection techniques have been proposed. For a 

survey and comparison of the edge detectors, the reader is referred to the paper by Heath et al. [12]. 

Among the edge detection methods proposed so far, the Canny edge detector is the most rigorously 

defined operator and is widely used. The popularity of the Canny edge detector can be attributed to its 

optimality according to the three criteria of good detection, good localization, and single response to 
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an edge. It also has a rather simple approximate implementation, which is the subject of this paper. 

We will show examples where this approximate implementation misses some obvious edges. We will 

also show how to revise the Canny edge detector to improve its detection accuracy. 

II. CANNY ALGORITHM 

The aim of Canny edge detection algorithm was to have good detection (minimum number of false 

edges), good localization (closeness of the real edge and the detected edge) and minimal response 

(one edge should be detected only once). Canny algorithm is a step by step process and the steps are 

shown in figure(1). The Canny method finds edges by looking for local maxima of the gradient of I. 

The gradient is calculated using the derivative of a Gaussian filter. The method uses two thresholds, to 

detect strong and weak edges, and includes the weak edges in the output only if they are connected to 

strong edges. This algorithm is therefore less likely than the others to be fooled by noise, and more 

likely to detect true weak edges. 

 
 
 
 
 
 
 
 
 
 
 

 

Figure (1) Traditional Canny Algorithm Steps 

The Canny edge detector uses a Gaussian filter. The image is convolved with the filter. The filter 

blurs the image to a degree specified by σ to minimize the effect of unwanted information. Figure 2 

(b) is the output of a 5X5 Gaussian filter with σ=1.4 is shown in Equation (1), whose input is figure 2 

(a). 

                                                             
 

             
                              (a) Original Image                                                            (b) Filtered Image 

 

 Figure (2) The original angiography image is smoothed with a Gaussian filter to suppress noise 
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The point of interest in the proposed method is the Gaussian filter of the Canny Edge Detector. The 

filter is used for blurring the medical image before processing so that unwanted edges or noises are 

not detected as edges. The Gaussian function is given by:  

 

                                                           (2) 

 
where the parameter σ (sigma) determines the width of the filter and hence the degree of blurring i.e. 

the greater the value of sigma the more the blurring is. But this approach gives average results when 

there are prominent edges and faint edges in the image both of which may be of great significance. If 

the value of sigma is very high then faint edges will not be detected. On the other hand if sigma is 

very low then noise may also get detected as edges. 

III. PROPOSED METHOD 

An easy but an effective approach is proposed in this paper in which different values of sigma and 

thresholding are applied in different parts of the image instead of processing the entire image with a 

single value of sigma and thresholding. In this method, the angiography image is divided into a 

number of sub-images. This number will determine the level of accuracy of the final output i.e. more 

number of sub-images will give better results. After dividing the angiography image, the mean pixel 

value of each sub-image is calculated and depending upon these values each sub-image will be 

processed by a Gaussian filter with different sigma and thresholding values. It is quite evident that 

sub-images having very high or very low mean pixel values are likely to have faint edges while the 

ones with intermediate mean values are likely to have prominent edges. Therefore, the sub-images 

with higher or lower mean values are processed with small values of sigma and different thresholding. 

A. The processed an efficient approach for improved canny edge detection algorithm. 

Proposed Algorithm: 
 

      Algorithm:  improved Canny Edge Detection approach: 

 

Input: An image I; number of sub-images(s); sigma value (σ) assignment for a corresponding 

range of mean values. 

Output: a binary image of edges (E). 

A (1,2,…s)←sub-images of  I; 

For I =1:s Do 

S ← S+A(i); 

Thresh ← S, 

M(i) ← mean A(i); 

σ ← f(M(i),S); 

C(i) ← Canny(A(i), σ, thresh); 

End 

Final Stage :  

E← reconstruction{C(1), C(2), ……..,C(S)}; 
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Figure (3) the main steps of the proposed an efficient approach for Improving Canny Edge Detection Algorithm 

for  medical image. 

 

B. Experimental Results 

To compare results obtained by the original Canny edge detector and the revised Canny edge detector, 

a number of experiments were carried out. Experiments were conducted on angiography images and 

better results were observed. One of them is shown in figure 4(a)-4(f) respectively. From figure 4(f) it 

is evident that the proposed approach gives better results than the original algorithm. Here sigma is 

varied and other components e.g. thresholding values are also varied. After the processing the noise 

and blurring in the angiography image is considerably reduced yet preserving the image boundaries. 

 

START 

Divided the image to sub image A (1,2,…s) 

S=S+ A(i) 

M(i) = mean A(i); 
 

σ = f(M(i),S); 
 

C(i) = Canny(A(i), σ,thresh); 
 

i <= s 

E=reconstruction{C(1), C(2), ..,C(S)}; 
 

END 

                    Thresh= S 
 

Yes 

No 
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                  (a)  Original Image                                                (b) σ = 0.5 

 

           
                        (c) σ = 0.21                                                               (d) σ =0.31 

 

           
                        (e) σ = 0.39                                                             (f) σ is variable 

Figure (4) Improved Canny Edge Detector with different sigma and thresholding 

C. Entropy Calculation 

 

Entropy is defined as measure of average uncertainty and is given by the formula: 

                          H = −Σ p log2 ( p)                  (3) 

where p is the histogram count. 

Table I:  Entropy of figure. 4(a)- 4(f) 

 
 

Image 
 

Image Entropy (H) 
 

Original image 5.6599 

σ=0.5 4.0351 

σ=0.21 3.9420 

σ=0.31 3.5035 

σ=0.39 3.3720 

Proposed method 3.1581 

 
The following figures 5(a)-5(f) show the Histograms of  Figure. 4(a)-4(f) respectively. 
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           (a)  Histogram Original Image                        (b) Histogram of Figure. 3(b)  

 

                  
          (c) Histogram of Figure. 3(c)                           (d): Histogram of Figure. 3(d) 

 

                
                     (e) Histogram of Figue.3(e)                                (f) Histogram of Figure. 3(f) 

 

Figure (5) Histograms of  Figure. 3(a)-3(f) respectively. 

IV. CONCLUSION  

Edge detection is an important segmentation process carried out in medical image processing. Canny 

edge detector algorithm is considered as optimal edge detection technique but it responds to false 

image in noisy environment and is not adaptive in nature. For a high resolution image , this new 

proposed algorithm performs better than traditional canny operator In this paper, a proposed an 

efficient approach for improving canny edge detection algorithm to recover edges missed by  

proposed approach was presented. The improving Canny operator has proved as an optimal edge 

detector due to due to good localization, detection and only one response to single response.  The 

proposed approach involves a step that looks for further image evidence and connects short edge 

contours into longer ones and converts open contours into closed ones if image evidence supports 

that. In future the exact relationship between mean pixel value on edges and sigma may be found out. 

MATLAB was used for generating the output images. 
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