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ABSTRACT 
 The concept of edge detection is used to detect the location and presence of edges by making changes in the intensity of an 

image. Different operations are used in image processing to detect edges. It can detect the variation of grey levels but it quickly 

gives response when a noise is detected. In image processing, edge detection is a very important task. Edge detection is the main 

tool in pattern recognition, image segmentation and scene analysis. It is a type of filter which is applied to extract the edge points in 

an image. Sudden changes in an image occurs when the edge of an image contour across the brightness of the image. In image 

processing, edges are interpreted as a single class of singularity. In a function, the singularity is characterized as discontinuities in 

which the gradient approaches are infinity. The Canny edge detector is an edge detection operator that uses a multi-

stage algorithm to detect a wide range of edges in images. Canny edge detection is a technique to extract useful structural 

information from different vision objects and dramatically reduce the amount of data to be processed. It has been widely applied in 

various computer vision systems. 
Keywords— Edge detection, canny edge detector algorithm, Image processing 

I.  INTRODUCTION 

Image processing is the process of transforming an image 

into a digital form and performing certain operations to get 

some useful information from it. The image processing system 

usually treats all images as 2D signals when applying certain 

predetermined signal processing methods. Edge detection is an 

image processing technique for finding the boundaries of 

objects within images. It works by detecting discontinuities in 

brightness. Edge detection is used for image segmentation and 

data extraction in areas such as image processing, computer 

vision, and machine vision. Canny edge detection 

algorithm [14] is one of the most reliable algorithms for edge 

detection. Our results show that for most cases, the shapes of 

crystals are kept intact in the resulting edge image. An edge 

image can contain many edges which may or may not be part 

of the crystals. The Canny edge detector is an edge detection 

operator that uses a multistage algorithm to detect a wide range 

of edges in images. Edges characterize boundaries and are 

therefore a problem of fundamental importance in image 

processing. Image Edge detection significantly reduces the 

amount of data and filters out useless information, while 

preserving the important structural properties in an image. 

Since edge detection is in the forefront of image processing for 

object detection, it is crucial to have a good understanding of 

edge detection algorithms. Gradient based Edge Detection: The 

gradient method detects the edges by looking for the maximum 

and minimum in the first derivative of the image. 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.  

II. RELATED WORKS 

Gradient-based algorithms such as the Prewitt filter have a 

major drawback of being very sensitive to noise. The size of 

the kernel filter and coefficients are fixed and cannot be 

adapted to a given image. An adaptive edge-detection 

algorithm is necessary to provide a robust solution that is 

adaptable to the varying noise levels of these images to help 

distinguish valid image contents from visual artifacts 

introduced by noise. The performance of the Canny algorithm 

depends heavily on the adjustable parameters, α, which is the 

standard deviation for the Gaussian filter, and the threshold 

values, ‘T1’ and ‘T2’. α also controls the size of the Gaussian 

filter. The bigger the value for α, the larger the size of the 

Gaussian filter becomes. This implies more blurring, necessary 

for noisy images, as well as detecting larger edges. As 

expected, however, the larger the scale of the Gaussian, the less 

accurate is the localization of the edge. Raman Maini & Dr. 

Himanshu Aggarwal International Journal of Image Processing 

(IJIP), Volume (3): Issue (1) 1 Study and Comparison of 

Various Image Edge Detection Techniques. 

Shashank Mathur and Anil Ahlawat [2], proposed an edge 

detection algorithm using windowing technique. This is based 

on fuzzy relative pixel values in the 3*3 pixels mask for 

scanning of image. Their technique based to a set of fuzzy 

condition used to check the pixel magnitude gradient in the 
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window by made comparison of pixel values with adjacent 

pixels. 

Yasar Beceriklil and Tayfun [3], proposed fuzzy rule-based 

algorithm provide the flexibility in handling edge thickness in 

the processed image. They studied that edge detection which is 

use full is used in image segmentation, registration and 

identification purposes. Variation of intensity/gray level 

defines their shape and size. 

III. THE PROPOSED MODEL 

 

 

There are 5 edge detection operators they are as follows: 

1. Sobel Edge Detection Operator 

The Sobel edge detection operator extracts all the edges of an 

image, without worrying about the directions. The main 

advantage of the Sobel operator is that it provides differencing 

and smoothing effect. 

Sobel edge detection operator is implemented as the sum of 

two directional edges. And the resulting image is a 

unidirectional outline in the original image. 

Sobel Edge detection operator consists of 3x3 convolution 

kernels. Gx is a simple kernel and Gy is rotated by 90° 

These Kernels are applied separately to input image 

because separate measurements can be produced in each 

orientation i.e Gx and Gy. 

Following is the gradient magnitude: 

 

As it is much faster to compute An approximate magnitude 

is computed: 

 

2. Robert's cross operator 

Robert's cross operator is used to perform 2-D spatial gradient 

measurement on an image which is simple and quick to 

compute. In Robert's cross operator, at each point pixel values 

represents the absolute magnitude of the input image at that 

point. 

Robert's cross operator consists of 2x2 convolution kernels. 

Gx is a simple kernel and Gy is rotated by 90o. 

 
 

3. Laplacian of Gaussian 

The Laplacian of Gaussian is a 2-D isotropic measure of an 

image. In an image, Laplacian is the highlighted region in 

which rapid intensity changes and it is also used for edge 

detection. The Laplacian is applied to an image which is been 

smoothed using a Gaussian smoothing filter to reduce the 

sensitivity of noise. This operator takes a single grey level 

image as input and produces a single grey level image as 

output. 

 

4. Prewitt operator 

Prewitt operator is a differentiation operator. Prewitt 

operator is used for calculating the approximate gradient of the 

image intensity function. In an image, at each point, the Prewitt 

operator results in gradient vector or normal vector. In Prewitt 

operator, an image is convolved in the horizontal and vertical 

direction with small, separable and integer-valued filter. It is 

inexpensive in terms of computations. 
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 Sample images 

 

 

 
Looping process 

 

This stage decides which are all edges are really edges and 

which are not. For this, we need two threshold values, minVal 

and maxVal. Any edges with intensity gradient more than 

maxVal are sure to be edges and those below minVal are sure 

to be non-edges, so discarded. Those who lie between these 

two thresholds are classified edges or non-edges based on their 

connectivity. If they are connected to "sure-edge" pixels, they 

are considered to be part of edges. Otherwise, they are also 

discarded. See the image below: 

 

 
After getting gradient magnitude and direction, a full scan of 

image is done to remove any unwanted pixels which may not 

constitute the edge. For this, at every pixel, pixel is checked if 

it is a local maximum in its neighborhood in the direction of 

gradient. Check the image below: 

 

 

 
Smoothened image is then filtered with a Sobel kernel in 

both horizontal and vertical direction to get first derivative in 

horizontal direction (Gx) and vertical direction (Gy). From 

these two images, we can find edge gradient and direction for 

each pixel as follows: 

Edge_Gradient(G)=G2x+G2y/ 

√Angle(θ)=tan−1(GyGx) 

Since the mathematics involved behind the scene are mainly 

based on derivatives (cf. Step 2: Gradient calculation), edge 

detection results are highly sensitive to image noise. One way 

to get rid of the noise on the image, is by applying Gaussian 

blur to smooth it. To do so, image convolution technique is 

applied with a Gaussian Kernel (3x3, 5x5, 7x7 etc…). The 

kernel size depends on the expected blurring effect. Basically, 

the smallest the kernel, the less visible is the blur. In our 

example, we will use a 5 by 5 Gaussian kernel. The equation 

for a Gaussian filter kernel of size (2k+1)×(2k+1) is given by: 
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The Gradient calculation step detects the edge intensity and 

direction by calculating the gradient of the image using edge 

detection operators. Edges correspond to a change of pixels’ 

intensity. To detect it, the easiest way is to apply filters that 

highlight this intensity change in both directions: horizontal (x) 

and vertical (y). When the image is smoothed, the 

derivatives Ix and Iy w.r.t. x and y are calculated. It can be 

implemented by convolving I with Sobel kernels Kx and Ky, 

respectively: 

 

Ideally, the final image should have thin edges. Thus, we must 

perform non-maximum suppression to thin out the edges. The 

principle is simple: the algorithm goes through all the points on 

the gradient intensity matrix and finds the pixels with the 

maximum value in the edge directions. 

 

 

The upper left corner red box present on the above image, 

represents an intensity pixel of the Gradient Intensity matrix 

being processed. The corresponding edge direction is 

represented by the orange arrow with an angle of -pi radians 

(+/-180 degrees). 

 
Based on the threshold results, the hysteresis consists of 

transforming weak pixels into strong ones, if and only if at 

least one of the pixels around the one being processed is a 

strong one, as described below: 

 

IV. CONCLUSION  

Edge detection is an image processing technique for finding 

the boundaries of objects within images. It works by detecting 

discontinuities in brightness. Edge detection is used for image 

segmentation and data extraction in areas such as image 

processing, computer vision, and machine vision. Canny edge 

detection algorithm is one of the most reliable algorithms for 

edge detection. Canny edge detection is a technique to extract 

useful structural information from different vision objects and 

dramatically reduce the amount of data to be processed. It has 

been widely applied in various computer vision systems. 
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