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Abstract 

    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. Remote sensing images are generally corrupted from noise. Mathematical 

morphology is a good technique for edge detection for noisy image. In this paper two types (flat and 

concave) structuring element of different size is implemented on different remote sensing images. The noise 

can be suppressed by mathematical morphology. So by using mathematical morphology the image can be 

enhanced and the edges can be detected. In this paper, the result of edge detection using mathematical 

morphology will be compared with traditional edge detectors (Sobel, Prewitt , Laplacian of Gaussian (LOG) 

and Canny edge detector). The software is developed using MATLAB 7.0 .Objective methods are used to 

evaluate adopted method and other  the different edge operators , It proved that the morphological filter is 

more important process in the edge detection for noisy image. 

 

1- Introduction 

    Edge detection has been increasing popular for its usage in most image processing applications. Edge 

detection refers to the process of identifying and locating sharp discontinuities in an image. The 

discontinuities are abrupt changes in pixel intensity which characterize boundaries of objects in a scene. An 

edge detection filter can be used to improve the appearance of blurred images or video streams.[Mahmoud  & 

Marshall 2008] . Classical methods of edge detection involve convolving the image with an operator (a 2-D 

filter), which is constructed to be sensitive to large gradients in the image while returning values of zero in 

uniform regions. There are an extremely large number of edge detection operators available, each designed to 

be sensitive to certain types of edges.[Mahmoud  & Marshall 2008, Raman].  

     Remote sensing images are generally corrupted from noise .Edge detection is difficult in noisy images, 

since both the noise and the edges contain high frequency content. Attempts to reduce the noise result in 

blurred and distorted edges. Operators used on noisy images are typically larger in scope, so they can average 

enough data to discount localized noisy pixels [Kaur Et Al 2010]. In this work ,we will introduce a new 

approach to edge detection by morphological filter. 

 

2- Edge detection operators: 

     Edge detection operators are often implemented with convolution masks and discrete approximations to 

differential operators. These operators may return magnitude and direction information, some return 

magnitude only. Potential edge points are found by examining the relationship a pixel has with its neighbors; 

an edge implies a change in gray level. 

There are many techniques for edge detection as under: see [Roushdy 2006, Kaur et al. 2010, Kaur et al. 

2011]. 

1. Sobel operator 

2. Canny edge detection 

3. Prewitt operator 

4. Laplacian of Gaussian 

5. Roberts edge detection 

    Sobel operator is based on convolving the image with a small, separable, and integer valued filter in 

horizontal and vertical and is therefore relatively inexpensive in terms of computations. 
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Canny edge detection operator was developed by John F. Canny in 1986 and uses a multistage algorithm to 

detect a wide range of edges in images. 

 Prewitt operator edge detection masks are the one of the oldest and best understood methods of detecting 

edges in images. Basically, there are two masks, one for detecting image derivatives in X and one for 

detecting image derivative in Y. To find edges, a user convolves an image with both masks, producing two 

derivative images (dx and dy). The strength of the edge at given location is then the square root of the sum of 

the squares of these two derivatives. 

Laplacian of Gaussian (LOG) combined Gaussian filtering with the Laplacian .Using Convolution of 

Gaussian operator with image, the image is smoothed, then the edge is detected using Laplacian 

operator(second derivative) 

 Roberts edge detection method is one of the oldest method and is used frequently in hardware 

implementations where simplicity and speed are dominant factors [Kaur et al. 2010]. 

3- Mathematical morphological operators 

    Morphology relates to structure or form of objects. Morphological filtering simplified segmented images 

by smoothing out object outlines using filling small holes, eliminating small projections. Primary operations 

are dilation and erosion. These operations use a structuring element which determines exactly how object 

will be dilated or eroded. A structuring element is a special mask filter that enhances input images .It can be 

of different sizes and of different shapes (square, diamond, and circle), This paper will focus on two types of 

structuring element. First, flat structuring elements, in this case, structuring element could be [1, 1, 1]. 

Second, concave structuring elements, in this case, structuring element could be [0, 1, 0]. In this paper, it will 

be demonstrated that these two structuring elements. 

 Following are the main mathematical morphological operators: [Kaur et al. 2010, Kaur & Mohal et al. 

2011]. 

1. Dilation 

2. Erosion 

3. Opening 

4. Closing 

 Dilation 

   Dilation is defined as the maximum value in the window. Hence the image after dilation will be brighter or 

increased in intensity. It also expands the image and mainly used to fill the spaces. Dilation process 

expanding image objects by changing pixels with value of “0” to “1”. 

 Erosion 

   Erosion is just opposite to dilation. It is defined as the minimum value in the window .The image after 

dilation will be darker than the original image .It shrinks or thins the image. Erosion process shrinking 

objects or images by changing pixels with a value of „„1" to "0”. 

 Opening and closing 

   Both parameters are formed by using dilation and erosion. In opening, firstly image will be eroded and then 

it will be followed by dilation. And in case of closing, firstly image will be dilated and then followed by 

erosion [Kaur & Mohal et al. 2011]. 

 

4-Edge detection and enhancement by Morphological filter 

   Morphological edge detection algorithm selects appropriate structuring element of the processed image 

makes use of the basic theory of morphology including erosion, dilation, opening and closing operation and 

synthesization operations of them get clear image edge. The effect of erosion and dilation (difference 

between dilation and erosion) operations is better for image edge, but they are worse for noise filtering. As 

opposed to erosion and dilation, opening and closing operations are better for filtering [Roushdy 2006, 

Maragos 2004]. 
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5-Proposed algorithm: 

1) Read the noisy image. 

2) Apply the different structuring elements (3*3 concave or flat) 

3) The morphological filter is applied for a noisy image to get a clear image before edge detection of noisy 

image. Opening-closing operation is firstly used as preprocessing to filter noise. 

4) Edges can be detected by taking the difference between the dilated and eroded image. 

5) Increase the intensity of the image as per requirement. 

6) Compare the result (using RMSE, PSNR) with the traditional techniques for noisy image before and after 

applying morphological filter. 

 

6-Results: 

   The morphological filter is applied for a noisy image to get a clear image before edge detection of noisy 

image. Opening-closing operation is firstly used as preprocessing to filter noise. The perfect image edge will 

be got by performing the difference between the dilation and erosion images. 

   The visual comparison of the resultant images can lead us to the subjective evaluation of the performances 

of selected edge detectors. Figures (1&3) show the comparison between edge detection operators with salt 

and pepper noise without morphological filter. Figures (2&4) show the comparison between operators after 

morphological filter on the noisy image with salt and pepper. 

   Objective methods are used in this experiment by calculating peak signal to noise ratio and the root mean 

square error between the edge detection images and the original image. Table (1) shows the peak signal to 

noise ratio and the root mean square error for different operators on noisy image before and after 

morphological filter is used. 

 

 

Operator 

Before After 

PSNR RMSE PSNR RMSE 

  Image(1) 

Sobel 49.9 0.66 50.11 0.632 

Canny 49.8 0.666 50.161 0.626 

Prewitt 49.89 0.665 50.109 0.634 

Robert 49.92 0.6617 50.01 0.648 

LOG  49.96 0.656 50.30 0.606 

Morphological 

Filter 

50.05 0.641 52.23 0.388 

Image(2) 

Sobel 48.392 0.941 48.786 0.859 

Canny 48.398 0.940 48.900 0.837 

Prewitt 48.399 0.940 48.788 0.859 

Robert 48.408 0.938 48.592 0.899 

LOG  48.457 0.927 49.156 0.789 

Morphological 

Filter 

48.471 0.924 50.339 0.602 

      

Table (1) shows PSNR & RMSE before and after Morphological filter. 

 

 



British Journal of Science          151  

February 2012, Vol. 3 (2) 

 

© 2011 British Journals ISSN 2047-3745 

 

7-Conclusion: 

   In this work, edge detection is performed using mathematical morphology of remote sensing images. And 

different methods has been studied and compared. 

it concludes that ,after morphological filter the peak signal to noise ratio increases for all edge detector 

operators while the root mean square error decreases. Also, it concludes that the morphological filter is more 

important as an initial process in the edge detection for noisy image. The comparison shows that the root 

mean square error(RMSE) values of mathematical morphology is less and high in traditional methods .and 

also the Peak Signal to Noise Ration is high in case of mathematical morphology edge detection techniques 

as compared to traditional methods. 

 

   The main advantages of mathematical morphology are direct geometric interpretation, simplicity and 

efficiency in hardware implementation while Sobel, and Prewitt have very simple calculation to detect the 

edges but have inaccurate detection sensitivity in case of noise, LOG operator is that it can not find the 

orientation of edge because of using the Laplacian filter. Canny operator relatively reduces the noise by 

smoothing the image. So it is performs the better detection in noise condition but unfortunately it has 

complex computing. 
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--Grayscale Nile image (512x512) –  

Figure (1) shows the comparison between edge detection operators on noisy image with salt 

and pepper noise without preprocessing by morphological filter. 
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-Grayscale Nile image (512x512) –  

Figure (2) shows the comparison between edge detection operators on the noisy image with 

salt and pepper noise after preprocessing (remove noise) by morphological filter. 

 



British Journal of Science          154  

February 2012, Vol. 3 (2) 

 

© 2011 British Journals ISSN 2047-3745 

 

 

       

    

         
   

 

 

 

-Grayscale ( Noah's ship position) image (512x512) –  

Figure (3) shows the comparison between edge detection operators on the noisy image with 

salt and pepper noise without preprocessing by morphological filter. 
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-Grayscale ( Noah's ship position) image (512x512) –  

Figure (4) shows the comparison between edge detection operators on the noisy image with 

salt and pepper noise after preprocessing (remove noise) by morphological filter. 
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