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Abstract. In this paper, a simple and a robust algorithm to detect edges in a 
gray image is proposed. The statistical property of the small eigenvalue of the 
covariance matrix of a set of connected pixels over a small region of support is 
explored for the purpose of edge detection. The gray image is scanned from the 
top left corner to the bottom right corner with a moving mask of size k x k, for 
some integer k. At every stage, the small eigenvalue of the covariance matrix of 
the connected pixels that are having approximately same intensity as that of the 
center pixel of the mask is computed. This small eigenvalue is used to decide if 
a pixel is a potential edge pixel based on a pre-defined threshold value. The set 
of all identified potential edge pixels are then subjected to a pruning process 
where true edge pixels are selected. Experiments have been conducted on 
benchmark gray images to establish the performance of the proposed model. 
Comparative analysis with the Canny edge detector [1] and Sun et al. [15] is 
made to demonstrate the implementation simplicity and suitability of the 
proposed method in vision applications. 
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1   Introduction 

Extraction of edges from an image for analyzing and understanding of the image is a 
fundamental task in computer vision applications. Edge detectors are used to locate 
significant variations of gray images and hence useful to provide meaningful 
description for objects under inspection. As edges play a dominant role in machine 
vision applications, the continued development of edge detectors is producing 
increasingly complex edge detection algorithms. Based on the behavioral study of the 
edges with respect to the differentiation operator, these models are broadly classified 
into five categories viz., Gradient edge detector [14, 11, 10], Zero-crossing [5], 
Laplacian of Gaussian [9], Gaussian edge detectors [1, 2, 12] and Colored edge 
detectors [3]. The most widely used among gradient edge detector based algorithms is 
Nevatia and Babu [10] technique which consists of determining the edge magnitude 
and direction by convolving the image with a number of masks followed by thinning 
and thresholding edge magnitudes. Haralick [5] proposed zero crossing approach 
which uses second directional derivative and includes Laplacian operator. Marr and 
Hildreth [9] proposed an edge detector which combines Gaussian filtering with the 
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Laplacian. The methods that convolve the image with the derivative of Gaussian are 
called Gaussian edge detectors. Among these Gaussian edge detectors, Canny edge 
detector [1] is being widely used in most of the applications. The algorithm is suitable 
especially in noise conditions. Deriche [2] extended Canny’s initial filter to two 
dimensions, Shen and Castan [13] derived an exponential filter and implemented it 
using recursive filtering. Sarkar and Boyer [12] propose an optimal infinite-response 
edge detection filter using an ideal step edge and Canny’s criteria.  

On contrary to the models that are based on the differential operators using single 
scale information, there exists another class of edge detection techniques that fuse the 
multiscale edge information of an image to obtain a robust edge map [4, 8, 15].  As 
the wavelet transform is a better tool which can provide multiscale information of an 
image and has good time frequency characteristics, many techniques have been 
developed using the wavelet transform for the purpose of edge detection. The method 
proposed by Sun et al. [15] is one such recent technique in which statistical properties 
of multiscale information and multidirectional wavelet coefficients of an image have 
been explored. 

Thus, although the field has come a long way since the algorithms of Roberts and 
Sobel, there is a belief that the increased sophistication is not producing a 
commensurate improvement in performance [6, 7]. In order to evaluate the 
performance of edge detectors, several factors need to be considered as addressed by 
Heath et al. [6, 7]. As noted in Heath et al. [6], at a minimum, these are: (1) the 
algorithm itself, (2) the type of images used to measure the performance of the 
algorithm, and (3) the edge detector parameters used in the evaluation. No doubt, 
Canny edge detector outperforms most of the edge detection algorithms that exists 
even today, however, a clever choice of threshold value is required. In the similar 
line, in this paper we propose a novel method of detecting edge pixels in gray images. 
Like Canny edge detector, our model is also a parametric and thus has been compared 
with Canny edge detector. The major intension behind detecting edges in any gray 
images useful for vision applications is to identify main objects without requiring fine 
textures. Sun et al. [15] have proposed an approach useful for detection of main 
objects and this model is also considered for comparative analysis. The obtained 
results are highly comparable and in addition our model is simple to implement and 
computationally efficient as it involves only small eigenvalue computation. 

The rest of the paper is organized as follows. The proposed methodology is 
presented in section 2. Results of the experiments conducted on benchmark images 
chosen from many research papers are presented in section 3. Discussion on the 
comparative study made with Canny edge detector [1] and Sun et al. [15] is given 
along with conclusions in section 4. 

2   Proposed Methodology 

In this section, we present an algorithm for extracting edge pixels from gray images. 
The model first transforms a gray image into an image called eigen image from which 
potential edge pixels are extracted and then subsequently an edge pruning process is 
employed for selecting true edge pixels.   
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2.1   Transformation of Gray Image to Eigen Image 

The suitability of the statistical property of the small eigenvalue of the set of 
connected pixels is explored for the purpose of edge detection. The proposed 
transformation is based on mask processing. A window W, of size k x k for some odd 
integer k > 1, is used for mask processing (here k is chosen to be odd since the pixel to 
be processed is to be the center pixel of the window). The proposed method places the 
window W at a pixel say pi and computes the small eigenvalue of the covariance 
matrix of the set of all connected pixels covered by the window W and having 
approximately the same intensity as that of pi. The set of all connected pixels covered 
by W and having approximately same intensity as that of pi is defined to be the family 
of pi. The computed small eigenvalue is said to be the value of all the pixels 
corresponding to each member in the family of pi. When W is moved onto the next 
pixel say pj, the family of pj is worked out and the associated small eigenvalue is 
computed. The small eigenvalue computed at pj is said to be the value of all the pixels 
corresponding to the members of the family of pj. As the successive windows overlap 
each other, it is not uncommon that there are some pixels which are the members of 
the families of two or more pixels and hence these common pixels obviously bear 
more than one small eigenvalue. Therefore the number of eigenvalues associated with 
a pixel, say p in general, is equal to the number of families for which p is a member. It 
is well known fact that the small eigenvalue and large eigenvalue are same if all the 
pixels present within a window are considered for eigenvalue computation purpose. 
Moreover, the number of connected pixels nearer to an edge pixel within a window 
having approximately similar intensity is less. Hence, the smaller the number of 
families associated with a pixel, stronger is the evidence that the pixel is an edge 
pixel. It is proposed to associate each pixel with the average of all the small 
eigenvalues that are assigned to it. The image obtained in this way is termed as the 
eigen image. 

More formally, let g(N x M) be the gray image. Let n (=NxM) be the total number 
of pixels in g. Let W be the window of size k x k for some odd integer k > 1 used for 
mask processing. Let p1, p2,…, pn be the pixels in g and F1, F2, …, Fn be their 
respective families. That is, each Fi is the set of all pixels pj such that pj is having 
similar intensity as that of pi, covered by W when placed at pi, and connected to pi, as 
shown in Fig. 1. Let α1, α2,…,αn be the small eigenvalues of the families F1, F2 … Fn 
respectively. The procedure for small eigenvalue computation is given in appendix-A. 
All the pixels that are the members of Fi are said to bear the value αi. The small 
eigenvalue is assigned to members of a family since it represents small variations for 
any k-dimensional data (in our case, it is 2-dimensional data which are the coordinate 
positions of pixels). It can be observed from Table 1 that the small eigenvalue is 
approximately same as the large eigenvalue in the image region where there are no 
edge pixels and is considerably small when compared to large eigenvalue in the image 
region containing edge pixels. The eigen image is obtained by associating each pixel 
with the average of small eigenvalues assigned to it. Therefore, the proposed 

transformation function T:g(gray image) → |g (eigen image) is defined as follows: 
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Fig. 1. Instance of an image during the process of eigen transformation 

Table 1. Small eigenvalue and large eigenvalue in the region of edge pixel and non-edge pixel 
with window size 5 and intensity threshold value 10 

 Image 
(White pixel is the 

pixel under 
process) 

Small 
eigenvalue 

Large 
eigenvalue 
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10.056468 
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The image ),(| yxg is called the eigen image. The potential edge pixels are those 

that are having smaller average eigenvalue and non-edge pixels are those that are 
having larger average eigenvalue. It is required to choose the threshold value, say 
eigen threshold, to identify potential edge pixels and non-edge pixels in an eigen 
image. The non-edge pixels in the eigen image are eliminated with the help of eigen 
threshold. Choosing such an eigen threshold is however application dependent. Like 
any other edge detection algorithm, the proposed model also requires post-processing 
to eliminate non-edge pixels among the potential edge pixels. Hence, we considered 
Canny like criterion to fix the threshold in order to eliminate non-edge pixels and to 
retain edge pixels among potential edge pixels. 

2.2   Edge Pruning 

The magnitude of the gradient image is computed only at potential edge pixels. It is 
well known fact that the magnitude is high in the case of edge pixels and almost zero 
in the case of non-edge pixels. Thus, edge magnitude information is used to extract 
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the edge pixels thereby eliminating non-edge pixels among the potential edge pixels. 
A threshold value for this selection is fixed up empirically based on the histogram of 
the magnitude of the potential edge pixels. It is observed that the true edge pixels are 
those that are having low average eigen value and higher magnitude, and such true 
edge pixels are identified among the potential edge pixels. Therefore, in the output 
image, pixels that are above the gradient magnitude threshold and below the eigen 
threshold are set to high value (1) and the other pixels are set to low value (0). This 
binary image is the desired image consisting only edge pixels. Therefore, the 
combined transformation to obtain an edge image from a given gray image is as 
follows: 
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3   Experimental Results 

This section presents the results of the experiments conducted to study the 
performance of the proposed algorithm. The method has been implemented in the C 
language on a Pentium-III 200 MHz with 640x480 resolution. Experiments are 
conducted on benchmarks images that are chosen from various research papers [6, 
15]. Two such benchmark images are shown in Fig. 2(a). Edge images obtained on 
application of the proposed methodology are given in Fig. 2(c) along with their 
average small eigenvalue images shown in Fig. 2(b) with window size 5 and intensity 
threshold 10. 

 

Fig. 2. Obtained edge images from the proposed methodology (a) Gray images; (b) Average 
small eigenvalue images; (c) Obtained edge images 

4   Discussion and Conclusions 

For the purpose of establishing the suitability and the usefulness of the proposed 
model for many computer vision applications, the output images of our model are 
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compared with that of the Canny edge detector [1] and Sun, et al. [15] edge detector. 
The canny algorithm is a well-known edge detection algorithm. We used its 
implementation provided in the image processing toolbox of Matlab. Sun et al. [15] is 
an unsupervised learning algorithm to detect edges. In that work, the statistical 
properties of multiscale and multidirectional wavelet coefficients are explored for the 
purpose of edge extraction. We have chosen this method also as it is the most recent 
edge detection algorithm and able to extract the main objects rather than fine textures 
in the image unlike Canny’s edge detector.  
    It is very clear from these output images (Fig. 3(b)) that the Canny model able to 
detect main objects and the fine textures which are slightly better at precision of 
edges. However, the results obtained using the proposed algorithm capture main 
objects (Fig. 3(d)) and remove most of the fine textures and the results are comparable 
with that of the results obtained using Sun, et al. [15] (Fig. 3(c)). The Canny 
algorithm extract edges by a step function corrupted by Gaussian noise while our 
model captures the edge information from the statistical property of small eigenvalue. 
Similar to Canny’s algorithm, our model takes only single scale information unlike 
multiscale information captured by Sun, et al. [15] model. No doubt that the main 
objects are more likely to be highlighted even at single scale in the proposed model. 
Extending the proposed model to capture the main objects with multiscale 
information along with adaptive window-size, intensity threshold and eigen threshold 
values to fine tune the results is our future target. 
    In summary, a simple and useful parametric approach to detect edges in gray 
images is presented in this paper. The statistical property of the small eigenvalue of 
the connected set of pixels within a window is explored for the detection of edges. 
The method captures the main objects that are suitable for many computer vision 
applications. 

 

Fig. 3. Comparisons between the Canny[1], Sun, et al. [15] and our algorithm (a) Gray images; 
(b) Edge maps produced by Canny  [1] algorithm; (c) Edge maps produced by Sun et al. [15] 
algorithm;  (d) Edge maps produced by our algorithm. 
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Appendix–A: Small Eigenvalue Computation Procedure 

Given a set S = {pi (xi, yi) | i=1,2,…,n} of n pixels, the small eigenvalue, α of the 
covariance matrix of S is computed by α = [ ]2
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