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ABSTRACT 

 
Edges are the regions having sharp change in intensity and detecting such regions is called edge detection. Edge detection is most 
frequently used image processing operation and thus there have been more research in edge detection than any other image 
processing operations. Edges outline the boundary between object and background and objects can be located easily. Detecting 
edges removes the unwanted data while preserving important information.  Edge detection methods are broadly classified into 
two categories: Gradient based and Laplacian based. In this paper an overview of gradient based edge detection techniques such 
as sobel, Prewitt , canny , Robert is given.The gradient based methods detect edges by looking for the minimum and maximum in 
the 1st derivative of the image. To find edges, the Laplacian method search for zero crossings points in the 2nd derivative of 
image. 
Keywords: - Thresholding, Segmentation, Sobel operator, Prewitt operator, canny operator, Robert operator. 
 

1. INTRODUCTION 
Edge detection is a process that detects the presence and location of edges constituted by sharp changes in intensity 
of an image. Mainly Edges define the boundaries between regions in an image, which helps in object recognition 
and segmentation. Edge detection of an image significantly reduces the amount of data and filters out the non-useful 
information, while preserving the important structural properties in an image [3].Edge detection is one of the most 
widely used operations in image analysis, and probably there are more algorithms in the literature for detecting and 
enhancing edges than any other single topic in image processing. This is because edges form the outline of an object 
and separates the background and object and indicate boundary between two or more overlapping objects.  
Therefore if the edges in an image can be identified precisely, all of the objects can be located and basic properties 
such perimeter, area and shape can be measured [7].Edge detection detects the presence and location of edges 
constituted by sharp changes in intensity or brightness and color of an image[8].Difference operation based edge 
detection methods  are used widely in image processing. These are good for detection in the variation of gray levels, 
but it is sensitive to noise. Edge detection is an important task in image processing. It is a main tool in image 
segmentation, scene analysis, and pattern recognition. An edge detector is basically a high pass filter which is 
applied to extract the edge points in an image. An edge in an image is a contour across which the change in 
brightness is abrupt.ly [3].   

 
2. EDGE DETECTION TECHNIQUES 

2.1 Prewitt operator  
Prewitt operator is known as discrete differentiation operator which is use as computing an approximation of the 
gradient of the image intensity function. At each point, the result of the Prewitt operator is either the corresponding 
normal of this vector or the gradient vector. The Prewitt operator is based on convolving the image with a separable, 
small, and integer valued filter in horizontal and vertical direction and is therefore relatively inexpensive in terms of 
computations.  
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Figure 1: Masks used for Prewitt operator [3] 

 
2.2 Canny Operator 
Canny edge detector is usually considered as a standard edge detection method in industries. It was first made by 
John Canny for his Master’s thesis from MIT in 1983. Canny considered the edge detection problem as a signal 
processing optimization problem and developed an objective function to be optimized. This problem has complex 
exponential solution, but Canny found several ways to approximate and optimize this problem. The steps in the 
Canny edge detection are as follows:  
1. Using two dimensional Gaussian Function, smooth the image whose edges are to be found out. Two dimensional 
Gaussian function is generally approximated by two 1-D Gaussians, one in the x direction and the other in the y 
direction because in most cases the computation of a two dimensional Gaussian is costly. 
2. Find the gradient of the image. Gradient of image shows changes in intensity, which indicates the presence of 
edges. Finding gradient of image actually gives two results, the gradient of image in the x direction and the gradient 
of image in the y direction.  
3. Non-maximal suppression- Edges occurs at points having maximum value of the gradient. So, to find edges all the 
points not at a maximum should be suppressed. Therefore, the magnitude and direction of the gradient is computed 
at each pixel in order to suppress all the points not at maximum.   
4. Edge Thresholding- The thresholding method used by the Canny Edge Detector is referred to as "hysteresis". It  
uses both a high threshold and a low threshold. If the value of pixel is above the high threshold, it is set as an edge 
pixel. If value of pixel is above the low threshold and is neighbor of an edge pixel, it is also set as an edge pixel. If a 
pixel has a value above the low threshold but is not the neighbor of an edge pixel, it is not set as an edge pixel [3]. 
  
2.3 Robert’s cross operator  
The Roberts Cross operator performs a quick to compute, simple, 2-D spatial gradient measurement on an image. 
The 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. One kernel is simple and the 
other one rotated by 90°. This is very similar to the Sobel operator. 
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                                   Figure 2: Masks Used For Robert Operator[3] 

 
2.4 Sobel Operator 
The operator consists of a pair of 3×3 convolution kernels as shown in Figure. In sobel operator  kernel is simply the 
other rotated by 90°. 
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                                              Figure 3: Masks Used By Sobel Operator 
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These kernels are designed to respond maximally to edges running vertically and horizontally relative to the pixel 
grid, where one kernel for each of the two perpendicular orientations. As these kernels can be applied separately to 
the input image. For the production of  separate measurements of the gradient component in each orientation i.e Gx 
and Gy respectively. And then be combined together to find the absolute magnitude of the gradient at each point and 
the orientation of that gradient [4]. 

3. RELATED STUDY 
M. Kalpana proposed about the extraction of a digital image edge using different digital image processing 
techniques.  They used wavelet transform to remove noises from the image collected. They applied some edge 
detection operators such as Differential edge detection, canny edge detection, log edge detection and Binary 
morphology and then according to the simulation results compared the advantages and disadvantages of these edge 
detection operators[2]. 
 
Pooja Sharma gives the comparison of  different edge detection techniques like differential operator method such as 
sobel operator, prewitt’s technique, Canny technique and morphological edge detection. They also explained that a 
suitable method for edge detection is based on the some environmental conditions and  each technique have its own 
advantages and disadvantages but mathematical morphology is better technique than differential method[3].  
 
Raman Maini provided  the comparative analysis of various Image Edge Detection techniques .Paper showed that 
the Canny’s edge detection algorithm performs better than all these operators under almost all scenarios. They 
explained that evaluation of the images under noisy conditions Robert, Laplacian of Gaussian, Canny, Prewitt, Sobel 
exhibit better performance. It has been observed that Canny’s edge detection algorithm is computationally more 
expensive compared to LoG(Laplacian of Gaussian), Perwitt, Robert and Sobel operator[4].  
 
Yahia S. Al Halabi applied the spatial domain, thresholding and edge based methods (Sobel operator, Robert 
operator, Prewitt operator, and Laplacian operator) for edge detection. Using Fourier Transform (FT) in edge 
detection applications doesn’t give good results and pose a serious drawback. In image processing analysis Wavelet 
transform plays a very important role when used in multi-resolution, multi-scale modeling. Wavelet transform offers 
a natural decomposition of images at multiple resolutions which is not offered by Fourier transforms or Discrete 
Cosine transforms. The resulting representation of wavelet transform provides an attractive tradeoff between spatial 
and frequency resolution where the human visual system can be better exploited. Wavelet transform also provides 
another important feature not found in the conventional transforms in the sense that its basis function can be 
designed to exactly fit a given problem [5]. 
 
G.T. Shrivakshan considered the various  edge detection techniques and  implemented using MATLAB. They 
mainly explained about Gradient and Laplacian operators. The basically deal with observation of Shark Fish 
Classification through Image Processing using the various filters which are mainly gradient based Sobel, Robert and 
Prewitt edge detection operators,Canny edge detector,Laplacian based edge detector [6].  
 
EhsanNadernejad compared several techniques for edge detection in image processing. They consider various well 
known measuring metrics used in image processing applied to standard images in this comparison. They found that 
boolean edge detector performs surprisingly similarly to the Canny edge detector even though they both take 
drastically different approaches. Canny’s method   produces single pixel thick, continuous edges. The Boolean edge 
detector’s edges are often spotty. Color edge detection seems like it should be able to outperform grayscale edge 
detectors since it has more information about the image[7]. 
 
KartikSauprovided the relative performance and analysis of different edge detection methods. Also they introduce 
stochastic gradient method which gives the better result in the presence of noise. They found that all operators are 
roughly equivalent in case of noise free image. But for practical applications, we conclude that  canny edge 
detection operator gives the best result in edge detection in a noise free image. But in case of distorted image, the 
stochastic gradient is found to be quite effective[8]. 
 
SlawoWesolkowski introduced a method for edge detection in color images which combined the Euclidean and 
vector angle measurement matrices. They try to leverage theadvantages of each metric to better detect edges in 
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complex color images. The edge detection operators used were based on the Vector Gradient and the Difference 
Vector operators[9].  
 

4. CONCLUSION 
 

In this paper different edge detection methods are discussed like  canny operator technique,Sobel technique, Robert 
technique, Perwitt edge detection technique. For each technique have its own disadvantages and advantages, in 
different parameters but Canny is better technique than other differential methods. Because of simply detect then 
modify and at the end manipulate the feature present in that image   This survey paper will be helpful for the 
scholars and  researchers in understanding the concept of edge detection those are  new in edge detection field. 
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