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 Abstract 

Image segmentation is an active topic of research for last many years. Edge detection is one of the most important applications 
for image segmentation. The process of partitioning a digital image into multiple regions or sets of pixels is called image 
segmentation. Edge is a boundary between two homogeneous regions. Edge detection refers to the process of identifying and 
locating sharp discontinuities in an image. Edge detection for image segmentation using different types of filters. However, Edge 
detection is a random phenomenon and thus used widely in image segmentation. This paper also gives an overview of technique 
developed in each stage of image segmentation. 
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1. Introduction 
 

Image segmentation refers to the process of partitioning a digital image into multiple segments (sets of 
pixels, also known as super pixels).Image segmentation is typically used to locate objects and boundaries (lines, 
curves, etc.) in images. More precisely, image segmentation is the process of assigning a label to every pixel in an 
image such that pixels with the same label share certain visual characteristics. The result of image segmentation is a 
set of segments that collectively cover the entire image, or a set of contours extracted from the image. Each of the 
pixels in a region are similar with respect to some characteristic or computed property, such as color, intensity, or 
texture. Due to the importance of image segmentation a number of algorithms have been proposed but based on the 
image that is inputted the algorithm should be chosen to get the best results [2]. 
  
1.1 Edge-Based Segmentation 
  

Even with perfect illumination, pixel based segmentation results in a bias of the size of segmented objects 
when the objects show variations in their gray values .Darker objects will become too small, brighter objects too 
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large. The size variations result from the fact that the gray values at the edge of an object change only gradually 
from the background to the object value. No bias in the size occurs if we take the mean of the object and the 
background gray values as the threshold. However, this approach is only possible if all objects show the same gray 
value or if we apply different thresholds for each object. An edge based segmentation approach can be used to avoid 
a bias in the size of the segmented object without using a complex thresholding scheme. Edge-based segmentation is 
based on the fact that the position of an edge is given by an extreme of the first-order derivative or a zero crossing in 
the second-order derivative [3]. 

 
1.2 Types of Edges 
 
The key types of edges are: 
 
1.2.1 Step edge: In this case, the image intensity abruptly changes from one value to one side of the discontinuity to 

a different value on the opposite side. 

1.2.2 Ramp/Noisy edge: In this edge, the intensity change is not instantaneous but occurs over a finite distance. 

1.2.3. Ridge/Line edge: In this case, the image intensity abruptly changes value but then returns to the starting value 

within some short distance (generated usually by lines). 

1.2.4. Roof edge: In this type of edges, the intensity change is not instantaneous but occurs over a finite distance 

(generated usually by the intersection of surfaces). 

 
1.3 Key steps of edge detection 
 
From the above made discussion, the key steps of edge detection include: 

1.3.1 Filtering: Filtering refers to suppressing noise as much noise as possible without destroying the true edges. 

1.3.2 Enhancement: This refers to emphasizing pixels with changing the local intensity (sharpening). 

1.3.3 Detection: This refers to determining, which edge pixels should be discarded as noise and which should be 

retained (usually, thres-holding provides the criterion used for detection). 

1.3.4. Localization: This refers to locating the edge and estimating the edge orientation. 

 

 

 
2. Edge Detection Techniques  
 
The key techniques for edge detection are: 
 
2.1 Gradient based edge detection: The gradient method detects the edges by looking for the maximum and 

minimum in the first derivative of the image. 
2.2 Laplacian based edge detection:  The Laplacian method searches for zero crossings in the second derivative of 

the image to find edges. An edge has the one-dimensional shape of a ramp and calculating the derivative of the 
image can highlight its location. This method of locating an edge is characteristic of the “gradient filter” family 
of edge detection filters and also includes the Sobel method. A pixel location is declared an edge location, if the 
value of the gradient exceeds some threshold. As mentioned before, edges have higher pixel intensity values 
than those surrounding it. So once a threshold is set, the gradient value to the threshold value can be compared 
and an edge can be detected whenever the threshold is exceeded. Furthermore, when the first derivative is at a 
maximum, the second derivative is zero. As a result, another alternative to finding the location of an edge is to 
locate zeros in the second derivative. This method is known as the Laplacian. 

2.3 Sobel operator: The Sobel operator consists of a pair of 3×3 convolution kernels as shown in Table 1.1. One 
kernel is simply the other rotated by 90°. 
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Table 1.1: Masks used by Sobel operator. 

 
 

                                                             Gx                                                 Gy 
 
These kernels are designed to respond maximally to 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 produce separate measurements of the gradient component in each orientation (Gx and Gy). These can 
then be combined together to find the absolute magnitude of the gradient at each point and the orientation of that 
gradient. The gradient magnitude is given by:  
 

|G|=√Gx2 +Gy2 (1.1) 

 
 Typically, an approximate magnitude is computed using: 
 

|G| = |Gx| + |Gy|                                                                                                                (1.2) 
Equation 1.2 is much faster to compute. 
 
2.4 The Marr-Hildreth edge detector: The Marr-Hildreth edge detector was a very popular edge operator before 

Canny. It is a gradient based operator which uses the Laplacian to take the second derivative of an image. The 
idea is that if there is a step difference in the intensity of the image, it will be represented by the second 
derivative by a zero crossing. The general algorithm for the Marr-Hildreth edge detector: 

2.5  Smoothing image using a Gaussian filter to reduce the amount of error found due to noise. 
2.6 Applying a two dimensional Laplacian to the image 
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(1.3) 

 
This Laplacian will be rotation invariant and is often called the “Mexican Hat operator”. It is because of its 

shape as shown in Figure 1.3. This operation is the equivalent of taking the second derivative of the image. 
 

 
Figure 1.3: Mexican Hat [1]. 

 
2.7 Loop through every pixel in the Laplacian of the smoothed image and look for sign changes. If there is a sign 

change and the slope across this sign change is greater than some threshold, mark this pixel as an edge. 
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Alternatively, these changes could be run in slope through a hysteresis (described in the Canny edge detector) 
rather than using a simple threshold. 
 

2.8 Canny: This method was proposed by John F. Canny in 1986. Even though this method is quite old but is still 
used because of its precision in edge detection. The main advantage of this method is elimination of multiple 
responses to a single edge. It also have a good localization property, means the detected edges are much closer 
to the real edges. The response of this detector is also good, as the original edge does not result in more than one 
detected edge. This method is not easily disturbed by noise and can keep the good balance between noise and 
edge detection. It can detect the true weak edge. For two-dimensional image, canny operator can produce two 
information including the border gradient direction and intensity. Canny operator is actually using templates of 
different directions to do convolution to the image respectively. From the viewpoint of positioning accuracy, 
Canny operator is better than the other operators. The Canny operator is a sort of new edge detection operator. It 
has good performance of detecting edge, which has a wide application. 
 

2.9 Robert’s cross operator: The Roberts Cross operator performs a simple, quick to compute, 2-D spatial 
gradient measurement on an image. Pixel values at each point in the output represent the estimated absolute 
magnitude of the spatial gradient of the input image at that point. The operator consists of a pair of 2×2 
convolution kernels as shown in Table 1.2. One kernel is simply the other rotated by 90°. This is very similar to 
the Sobel operator. 

 
 

Table 1.2: Masks used for Roberts operator. 
 
 

                                                                      Gx                                                            Gy 
   

These kernels are designed to respond maximally to edges running at 45° to the pixel grid, one kernel for 
each of the two perpendicular orientations. The kernels can be applied separately to the input image, to produce 
separate measurements of the gradient component in each orientation (Gx and Gy). These can then be combined 
together to find the absolute magnitude of the gradient at each point and the orientation of that gradient. The 
gradient magnitude is given by: 

 
                   |G| = |Gx| + |Gy|                                                                                                                (1.4) 

 
2.10  Prewitt’s operator:  Prewitt operator is similar to the Sobel operator with a slight variation in the mask 

coefficients and is used for detecting vertical and horizontal edges in images, shown in Table 1.3. 
 

Table 1.3: Masks used for Prewitt’s operator. 
 
     
 

                                                                Gx                                                          Gy 
 
2.11 Adaptive masking: This method is based on re-defining a high pass filter (such as the one shown in Table 1.4) 

as the sum of a collection of edge directional kernels. 
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Table 1.4: Sharpening filter 
 
 

                                                                    




�
 

 
 
 
 

This filter can be re-written as 1/16 times the sum of the eight edge sensitive kernels shown in Table 1.5.  
Adaptive filtering using these kernels can be performed by filtering the image with each kernel, in turn, and then 
summing those outputs that exceed a threshold. As a final step, this result is added to the original image. 
 
 

Table 1.5: Sharpening filter re-defined as eight edge directional kernels 
0 0 0  -1 0 0  0 -2 0  0 0 -1  
-2 2 0  0 1 0  0 2 0  0 1 0  
0 0 0  0 0 0  0 0 0  0 0 0  

 
0 0 0  0 0 0  0 0 0  0 0 0  
0 2 -2  0 1 0  0 -2 0  0 1 0  
0 0 0  0 0 -1  0 2 0  -1 0 0  

 
 

This use of a threshold makes the filter adaptive in the sense that it overcomes the directionality of any 
single kernel by combining the results of filtering with a selection of kernels each of which is tuned to an edge 
direction inherent in the image [4]. 

 
 

 3. How to Approach 
 

Generally, an edge detection method can be divided into three stages. In the first stage, a noise reduction 
process is performed. In order to gain better performance of edge detection, image noise should be reduced as much 
as possible. This noise reduction is usually achieved by performing a low-pass filter because the additive noise is 
normally a high-frequency signal. However, the edges can possibly be removed at the same time because they are 
also high-frequency signals. Hence, a parameter is commonly used to make the best trade-off between noise 
reduction and edges information preservation. In the second stage, a high-pass filter such as a differential operator is 
usually employed to find the edges. In the last stage, an edge localization process is performed to identify the 
genuine edges, which are distinguished from those similar responses caused by noise.  
 
 
4. Filters Associated To Edge Detection 
 

As there are various filters proposed by many researchers, Here we are going to discuss two most 
promising filters for the purpose of edge detection. Namely these are Gradient filter and Gaussian filter. These filters 
detect the false edges and help in reduction in noise. 

 
4.1 Gradient Filter:  An edge has the one-dimensional shape of a ramp and calculating the derivative of the image 
can highlight its location. This method of locating an edge is characteristic of the “gradient filter” family of edge 
detection filters and also includes the Sobel method. A pixel location is declared an edge location, if the value of the 
gradient exceeds some threshold. As mentioned before, edges have higher pixel intensity values than those 
surrounding it. So once a threshold is set, the gradient value to the threshold value can be compared and an edge can 
be detected whenever the threshold is exceeded. 
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4.2) Gaussian Filter: Gaussian filters are the most widely used filters in image processing and extremely useful as 
detectors for edge detection. Gaussian-based edge detectors are developed based on some physiological observations 
and important properties of the Gaussian function that enable to perform edge analysis in the scale space. Smooth 
the image using a Gaussian. This smoothing reduces the amount of error found due to noise [5]. 
                                               

                                                       
 
 5. Conclusion 
 

Edge is a part of an image that contains significant variation. The edges provide important visual 
information as they correspond to major physical, photometrical or geometrical variations in scene object, hence 
image processing has always remained an interesting topic for researchers. In this paper, the fundamentals of image 
processing are discussed. The various approaches available for processing and enhancement of image are clearly 
explained. Various performance parameters are also discussed. We hope this paper brings a basic understanding to 
the researchers and motivate them to explore the community of edge detection. 
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