
  

Abstract— The contour detection has an important role in 

image processing, especially in the detection and the extraction 

physical features, those which are useful to their enforcement in 

the analysis of cadasters. A new methodology is shown for 

processing satellite images using spatial filters. The contour of 

satellite images are obtained and compared with conventional 

processing filters. The results were obtained with the filters 

Sobel, Prewitt, Roberts, Canny, and LoG for processing satellite 

images and they were evaluated using Structural Similarity 

Index (SSIM) for measuring image quality. 

Index Terms— satellite image, digital image, contour, filters 

Sobel, Prewitt Roberts, Canny, LoG. ssim. 

 
I. INTRODUCTION 

The digital processing of images consists of algorithmic 

processes that transform an image into another in which 

certain information of interest is highlighted, and/or the 

information that is irrelevant to the application is attenuated 

or eliminated. Thus, image processing tasks include noise 

suppression, contrast enhancements, removal of undesirable 

effects on capture such as blurring or distortion by optical or 

motion effects, geometric mapping, color transformations, 

and so on. 

The satellite images allow to obtain relevant information 

of the surface of the Earth to be able to quantify and to qualify 

the existing natural resources, the urban expansion, 

deforestation, deglaciation, etc. 

Agricultural production, territorial organization, global 

warming, etc., validate the importance of the use of satellite 

images as a global means of capturing information for the 

inventory of natural resources. In this sense, one of the most 

relevant applications is the obtaining of cartography for 

cadastral purposes very important in the planning and 

administration of a territory; as well as the use and coverage 

of the existing soil in a geographic space. For this, different 

classification methods have been used, and restitution 

techniques have been used. Methods that mainly serve for 

low and medium resolution images; while today, new high- 
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resolution satellites have been launched and even unmanned 

aerial vehicles are being used, which involve discrimination 

of smaller objects and the search for new classification 

methods to organize objects, as well as their Automation so 

that the user can generate studies of systems of agricultural 

production, afforestation, organization of the territory, 

environmental management, extraction of resources, etc. 

 

II. FILTERS FOR CONTOUR DETECTION AND SSIM 

MEASURE 

Sobel operator computes the approximation of gradients 

along the horizontal (x) and the vertical (y) directions (2D 

spatial) of the image intensity function, at each pixel, and 

highlights regions corresponding to edges. Sobel edge 

detection is implemented using two 3x3 convolution masks 

or kernels, one for horizontal direction, and the other for 

vertical direction in an image, that approximate the derivative 

along the two directions [1-9]. Sobel operator uses the 

following filters: 
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The two filters are almost identical with the filters used by 

Prewitt operator, excepting the weighting of the middle row 

(for horizontal kernel) and column (for vertical kernel): Sobel 

uses a weighting of 2 and -2, while Prewitt uses a weighting 

of 1 and-1. The local gradient components are computed as 

follows: 

  (   )  
 

 
*
(    

 )(   )

(    
 )(   )

+ 

Prewitt operator is a discrete operator which estimates the 

gradient of the image intensity function. It computes the 

approximations of the derivatives using two 3×3 kernels 

(masks), in order to find the localized orientation of each 

pixel in an image. Prewitt differs from Sobel operator only in 

the filters they use [1-9]. Prewitt operator used the following 

filters: 
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The local gradient components are obtained from the filter 

by scaling: 
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The Roberts cross operator provides a simple 

approximation to the gradient magnitude: 

 [ [   ]]  | [   ]   [       ]|  | [     ]   [     ]| 

Using convolution masks, this becomes: 

 [ [   ]]  |  |  |  | 

Where    and    are calculated using the following 

masks: 
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The differences are computed at the interpolated point 

[  
 

 
   

 

 
]  The Roberts operator is an approximation to 

the continuous gradient at that point and not at the point [   ] 
as might be expected. 

The Canny edge detector is the first derivative of a 

Gaussian and closely approximates the operator that 

optimizes the product of signal-to-noise ratio and 

localization. The Canny edge detection algorithm is 

summarized by the following notation. Let  [   ] denote the 

image. The result from convolving the image with a Gaussian 

smoothing filter using separable filtering is an array of 

smoothed data, 

 [   ]   [     ]   [   ] 
where   is the spread of the Gaussian and controls the 

degree of smoothing.  

The gradient of the smoothed array  [   ]  can be 

computed using the     first-difference approximations to 

produce two arrays  [   ] and  [   ] for the   and   partial 

derivatives: 

 [   ]  ( [     ]   [   ]   [       ]   [     ])   

 [   ]  ( [   ]   [     ]   [     ]   [       ])   

The finite differences are averaged over the     square 

so that the   and   partial derivatives are computed at the 

same point in the image. The magnitude and orientation of 

the gradient can be computed from the standard formulas for 

rectangular-to-polar conversion: 

 [   ]  √ [   ]   [   ]  

 [   ]         ( [   ]  [   ]) 
where the arctan function takes two arguments and 

generates an angle over the entire circle of possible 

directions. These functions must be computed efficiently, 

preferably without using floating-point arithmetic. It is 

possible to compute the gradient magnitude and orientation 

from the partial derivatives by table lookup. The arctangent 

can be computed using mostly fixed-point arithmetic with a 

few essential floating-point calculations performed in 

software using integer and fixed-point arithmetic. 

Canny Edge Detection algorithm: 

1. Smooth the image with a Gaussian filter.  

2. Compute the gradient magnitude and orientation using 

finite-difference approximations for the partial derivatives.  

3. Apply nonmaxima suppression to the gradient 

magnitude.  

4. Use the double thresholding algorithm to detect and link 

edges. 

Laplacian of Gaussian (LoG), edge points detected by 

finding the zero crossings of the second derivative of the 

image intensity are very sensitive to noise. Therefore, it is 

desirable to filter out the noise before edge enhancement. To 

do this, the Laplacian of Gaussian (LoG), due to Marr and 

Hildreth, combines Gaussian filtering with the Laplacian for 

edge detection. 

The fundamental characteristics of the Laplacian of 

Gaussian edge detector are:  

1. The smoothing filter is a Gaussian.  

2. The enhancement step is the second derivative 

(Laplacian in two dimensions). 

3. The detection criterion is the presence of a zero crossing 

in the second derivative with a corresponding large peak in 

the first derivative. 

4. The edge location can be estimated with subpixel 

resolution using linear interpolation. 

In this approach, an image should first be convolved with a 

Gaussian filter. This step smooths an image and reduces 

noise. Isolated noise points and small structures will be 

filtered out. Since the smoothing will result in spreading of 

edges, the edge detector considers as edges only those pixels 

that have locally maximum gradient. This is achieved by 

using zero crossings of the second derivative. The Laplacian 

is used as the approximation of the second derivative in 2-D 

because it is an isotropic operator. To avoid detection of 

insignificant edges, only the zero crossings whose 

corresponding first derivative is above some threshold are 

selected as edge points. 

The output of the LoG operator  (   ) is obtained by the 

convolution operation 

 (   )    [( (   )   (   ))] 
Using the derivative rule for convolution, 

 (   )  [   (   )]   (   ) 
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is commonly called the Mexican hat operator. Thus, the 

following two methods are mathematically equivalent: 

1.- Convolve the image with a Gaussian smoothing filter 

and compute the Laplacian of the result; 

2.- Convolve the image with the linear filter that is the 

Laplacian of the Gaussian filter. 

Smoothing is performed with a Gaussian filter, 

enhancement is done by transforming edges into zero 

crossings, and detection is done by detecting the zero 

crossings. It can be shown that the slope of the zero crossing 

depends on the contrast of the change in image intensity 

across the edge. The problem of combining edges obtained 

by applying different-size operators to images remains. In the 

above approach, edges at a particular resolution are obtained. 

To obtain real edges in an image, it may be necessary to 

combine information from operators at several filter sizes 

[1-9]. 

The structural similarity (SSIM) index is a method for 

predicting the perceived quality of digital television and 

cinematic pictures, as well as other kinds of digital images 

and videos. SSIM is used for measuring the similarity 

between two images. The SSIM index is a full reference 

metric; in other words, the measurement or prediction of 

image quality is based on an initial uncompressed or 

distortion free image as reference. SSIM is designed to 

improve on traditional methods such as peak signal to noise 

ratio (PSNR) and mean squared error (MSE), which have 
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proven to be inconsistent with human visual perception. 

The difference with respect to other techniques mentioned 

previously such as MSE or PSNR is that these approaches 

estimate absolute errors; on the other hand, SSIM is a 

perception based model that considers image degradation as 

perceived change in structural information, while also 

incorporating important perceptual phenomena, including 

both luminance masking and contrast masking terms. 

Structural information is the idea that the pixels have strong 

interdependencies especially when they are spatially close. 

These dependencies carry important information about the 

structure of the objects in the visual scene. Luminance 

masking is a phenomenon whereby image distortions (in this 

context) tend to be less visible in bright regions, while 

contrast masking is a phenomenon whereby distortions 

become less visible where there is significant activity or 

"texture" in the image. [10,11, 13-17] 

The mean structural similarity index is computed as 

follows: 

Firstly, the original and distorted images are divided into 

blocks of size 8 x 8 and then the blocks are converted into 

vectors. Secondly, two means and two standard derivations 

and one covariance value are computed from the images as: 
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Thirdly, luminance, contrast, and structure comparisons 

based on statistical values are computed, the structural 

similarity index measure between images x and y is given by:  

    (   )  
(        )(       )

(  
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where c1 and c2 are constants [11] 

 

III. EXPERIMENTAL RESULTS  

METHODOLOGY 

First selected images were converted into gray images 

using the function in Matlab, then the metrics were 

implemented upon these images and last a comparison has 

been done between five objective evaluations, Structural 

Similarity Index (SSIM) metrics, by simulating it using 

Matlab software. 

For the experiment used Notebook ASUS K75VJ core i7, 

16Gb RAM, software Matlab 2015 (The MathWorks). [12] 

The figure 2 show the results obtained from the contour 

search for the satellite image. 
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(b) 
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Figure 2. Results of the find contour: original (a): Sobel (b); Prewitt (c); 
Roberts (d); Canny (e); LoG (f). 

 

 
Figure 3. SSIM index Map. Mean ssim value is 0.9935 filter Canny vs 
Roberts 

 

From Figure 2 and human visual interpretation, the best 

filter is Canny, then it is compared and evaluated the other 

filters with respect to the Canny filter with the SSIM metric 

and the results are shown in Table I. 

 
TABLE I. 

SSIM MEASURE IMAGE QUALITY FOR CONTOUR IMAGES  

 Sobel Prewitt Roberts Canny LoG 

Sobel 1.0000 0.9999 0.9990 0.9938 0.9966 

Prewitt 0.9999 1.0000 0.9990 0.9938 0.9966 

Roberts 0.9990 0.9990 1.0000 0.9935 0.9962 

Canny 0.9938 0.9938 0.9935 1.0000 0.9954 

LoG 0.9966 0.9966 0.9962 0.9954 1.0000 

 

 

IV. CONCLUSIONS 

The automated process decreases time, expense and 

provides users with another mechanism for obtaining 

contours of satellite images, effectively and reliably, will be 

used in cartography for cadastral purposes which is important 

for the planning and administration of a territory. 

With the use of digital filters which in the last decades 

have taken great impetus for the treatment of images in 

different fields of science and in the case of the processing of 

satellite images better results are obtained in order to make 

better interpretations, it was determined that the Canny filter 

gives better visual result, but at the same time it is the filter 

that takes more time to run. 

All used image quality metrics are objective measurements 

that are automatics and mathematical defined algorithms. 

After applying filters for contour detection, it was select 

Canny filter as the best quality image. Measuring image 

quality for the five contour images gave the results included 

in Table I. 
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