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Abstract: Edge Detection from colored images or gray scaled images belongs to the field of Digital Image Processing and Computer Vision.  An edge 
defines the boundaries between or among regions or objects in an image therefore edge detection helps to identify objects from the given images and 
also assists in image segmentation. Many techniques are being used for detecting edge(s) from a given image for various kinds of applications like 
boundary detection, object recognition and many more.  Prewitt, Sobel and Canny are the most popular and more frequently used techniques for the 
same.  Each technique has its own advantages and limitations. This review paper consists of discussion of such techniques with their implementations 
and comparisons using certain parameters like lightning conditions, image acquisition methods, image quality, and presence of noise.  
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I. INTRODUCTION 

Edges are significant local changes of intensity in an 
image. An edge is the boundary between an object and the 
background, and indicates the boundary between overlapping 
objects [1]. Edges form the outline of object(s). Edge detection 
is one of the most commonly used operations in image 
analysis, and there are probably more algorithms in the 
literature for enhancing and detecting edges [2]. Edge 
detection is a fundamental operation in digital image 
processing, machine learning and computer vision, 
particularly useful in the areas of object recognition [3] , 
image segmentation [4], and feature extraction [5].    

The goals [6] of edge detection are to produce a line 
drawing of a scene from an image of that scene and important 
features can be extracted from the edges of an image (e.g., 
boundary, corners, lines, curves). These features are used by 
higher-level computer vision algorithms. 

II. BASIC STEPS IN EDGE DETECTION TECHNIQUES 

The basic steps [6] for edge detection are shown in figure. 

A. The discussions of these steps are given as: 

a. Smoothing: suppress as much noise as possible, without 
destroying the true edges. 

b. Enhancement: apply a filter to enhance the quality of the 
edges in the image (sharpening). 

c. Detection: determine which edge pixels should be 
discarded as noise and which should be retained (usually, 
thresholding provides the criterion used for detection). 

d. Localization: determine the exact location of an edge 
(sub-pixel resolution might be required for some 
applications, that is, estimate the location of an edge to 
better than the spacing between pixels). Edge thinning 
and linking are usually required in this step. 

 
Figure 1.  Basic Steps for Edge Detection 

III. VARIOUS EDGE DETECTION TECHNIQUES 

Many edge detection techniques [7 - 9] are available in the 
literature of computer vision and digital image processing.  
Most of them belong to two categories either classical 
technique or augmented technique.  The classical technique 
are simply the traditional methods for edge detections like 
Prewitt [9] method, Sobel [9] method and Canny [9-10] 
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method.   Each of these edge detection techniques does not 
give perfect or better results in all the situations like poor 
lightning conditions, average quality of an image, noisy 
images and many more.  The another technique, augmented, 
adds some refined method or approach like fuzzy logic, and 
neural networks to work under the above listed situations and 
gives better results than classical techniques.  In this paper, 
only classical techniques have been discussed and compared.   

A. Sobel Edge Detector: 

The Sobel operator [9], [11] performs a 2-D spatial 
gradient measurement on an image and so emphasizes regions 
of high spatial frequency that correspond to edges. Typically it 
is used to find the approximate absolute gradient magnitude at 
each point in an input grayscale image. 

The sobel operator [9] consists of a pair of 3×3 
convolution kernels as shown in Figure 2.  These kernels are 
designed to respond towards the edges running vertically and 
horizontally relative to the pixel grid, one kernel for each of 
the two perpendicular orientations. The kernels can be applied 
separately to the input image, to generate separate 
measurements of the gradient component in each orientation 
which were named as Gx for horizontal gradient and Gy for 
vertical gradient. These values of Gx and Gy then combined 
together to find the absolute magnitude of the gradient at each 
point and the orientation of that gradient.  
 

 
Gx    Gy 

Figure 2. Masks used by Sobel Operator 

The gradient magnitude is given by: 
              |G|=sqrt(Gx2 + Gy2)              (1) 
                      where sqrt is squared root of value. 

Typically, an approximate magnitude is computed using: 
              |G| = |Gx| + |Gy|                                      (2) 

Which is much faster to compute. The angle of orientation 
of the edge (relative to the pixel grid) giving rise to the spatial 
gradient is given by: 
              q = arctan(Gy /Gx)                               (3) 

The result of Sobel Edge detector is shown in figure 3.  
Figure 3(a) is an input image and its corresponding result is 
shown in figure 3(b) without consideration of threshold.   

 
Figure 3. (a) An input image (b) Result obtained by Sobel Edge detector 

without threshold 

B. Previtt Edge Detector: 

Prewitt operator [9] is similar to the Sobel operator and is 
used for detecting vertical and horizontal edges in images by 
using following masks as shown in Figure 3. 

 
         Gx    Gy 

Figure 4. Masks for the Prewitt gradient edge detector 

The result of Prewitt Edge detector is shown in figure 5.  
Figure 5(a) is an input image and its corresponding result is 
shown in figure 5(b) without consideration of threshold.   

 

 
(a)                                       (b) 

Figure 5. (a) An input image (b) Result obtained by Prewitt Edge detector 
without threshold 

C. Canny Edge Detector: 

The Canny edge detector [10] is widely considered as the 
standard edge detection algorithm in image processing. Canny 
saw the edge detection problem as a signal processing 
optimization problem, so he developed an objective function 
to be optimized.  The solution to this problem was a rather 
complex exponential function, but Canny found several ways 
to approximate and optimize the edge-searching problem       
[9-10].  The steps in the Canny edge detector are shown in 
figure 6 and the discussion of these steps is given as:   

a. Smoothing is blurring of the image to remove noise. 
b. The process of finding gradients means the edges 

should be marked where the gradients of the image 
has large magnitudes.   

c. Only local maxima should be marked as edges in non- 
maximum suppression.  

d. Double thresholding means Potential edges are 
determined by thresholding (two values for double 
thresholding). 

e. In edge tracking by hysteresis, final edges are 
determined by suppressing all edges that are not 
connected to a very certain (strong) edge. 
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Figure 6: Steps of Canny Edge Detection 

The result of Canny Edge detector is shown in figure 7.  
Figure 7(a) is an input image and its corresponding result is 
shown in figure 7(b) without consideration of threshold.   

 
Figure 7. (a) An input image (b) Result obtained by Canny Edge detector 

without threshold 

IV. VISUAL COMPARISONS WITH MORE RESULTS 

More experiments on various colored images using the 
classical methods, Sobel, Prewitt and Canny, have been 
carried out which are shown in figure 8, figure 9 and figure 
10. In these, figure (a) is an colored input image and its 
corresponding gray scaled image is shown in figure (b).  
Figure (c), (e) and (g) give detected edges using Sobel, Prewitt 
and Canny edge detection method without threshold.  If we 
consider threshold (=0.15) with the above mentioned edge 
detection methods, we obtain the results in figure (d), (f) and 
(h).  From the visual appearances, it is seen that classical 
methods, Sobel, Prewitt and Canny, give better results than 
without threshold.  Again it is an obvious that the results also 
rely on the value of threshold and the common value cannot be 
fixed for the all kinds of images.  It is somewhat difficult to 
choose value for threshold.   

 
 
 

 

 
Figure 8. (a) An input image (b) gray scaled input image  (c) sobel edge 

detection (d) sobel edge detection with threshold (e) Prewitt edge detection (f) 
Prewitt edge detection with threshold (g) Canny edge detection (h) Canny 

edge detection with threshold (Threshold = 0.15) 

 

(b) 

(f) (e) 
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Figure 9. (a) An input image (b) gray scaled input image  (c) sobel edge 

detection (d) sobel edge detection with threshold (e) Prewitt edge detection (f) 
Prewitt edge detection with threshold (g) Canny edge detection (h) Canny 

edge detection with threshold (Threshold = 0.15) 

 
Figure 10. (a) An input image (b) gray scaled input image   (c) sobel edge 

detection (d) sobel edge detection with threshold (e) Prewitt edge detection (f) 
Prewitt edge detection with threshold (g) Canny edge detection (h) Canny 

edge detection with threshold (Threshold = 0.15) 
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V. PERFORMANCE ANALYSIS 

Since edge detection is one of the primitive steps of image 
recognition, it is very important to know the difference 
between different edge detection algorithms [12], [13].  Sobel 
edge detector and Prewitt edge detector is easy and simple to 
understand and implement in detection of edges and their 
orientations.  But both are sensitive to noise and hence 
somewhat give inaccurate and not precise results in noisy 
images.  Canny edge detector gives better edge detection in 
noisy conditions but it consists of many complex 
computations, problem of false zero crossing [7], [10],[14] and 
hence time consuming [9]. 

VI. CONCLUSION 

After performing edge detection on different images , as 
shown in previous section, the conclusion is made that among 
the three classical edge detection methods, Canny edge 
detector provides better and more accurate result i.e. the edges 
of the image are uninterrupted and clearly separated; thus 
making the image recognizable. In case of Sobel and Prewitt 
edge detection techniques, both give approximately the same 
results but they do not provide better precision and hence 
resultant image with edge detection is not as recognizable as 
that of Canny. But in the presence of threshold, Sobel and 
Prewitt give better results.  But in general Canny edge 
detection technique provides best results due to its intelligent 
way of detecting edges in which it maintains both precision 
and image identity at the same time, with and without 
considering threshold.  
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