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Abstract. The use of fractal analysis methods for automatic textures earth surface image evaluation and 
ecological setting assessment has been proposed.  Image processing techniques have been chosen for the 
following fractal analysis.  The use of the Minkowski dimension to construct sheet dimension and histogram 
of fractal dimension has been suggested. Performance tests  for the  proposed methods and algorithms have 
been performed and analysed presented. Application of the fractal analysis methods is efficient in solving 
problems of monitoring objects clustering, assessing their conditions,  identifying  anomalies that have 
implications for the ecological setting,  and evaluating the development of anomalous situations. The fractal 
analysis algorithms permit efficient processing of array information in the case, when they are implemented 
on modern computational hardware platforms. 

1 Introduction 
Modern means of earth remote sensing (ERS) include 
systems placed on the board of aerospace vehicles and 
unmanned aerial vehicles.  

Among the many implemented and attractive projects 
one should highlight [1]: foreign space-based systems  
“ERS-2” and “Envisat”  (Europe),” Radarsat-2” 
(Canada), “ALOS” and “IGS” (Japan), “TerraSAR-X” 
(Germany), “CosmoSkyMed” (Italy), “RSS / JB” 
(China), russian “Condor”, “Resurs-DKR”, “Smotr”, 
“Sever”, “Monitor”, “Arkon”; air “Hisar” (USA), “E-
SAR” (Germany), “EL / M-2060P SAR” (Israel), 
“Imark” and “Compact” (Russia); funds on unmanned 
vehicles “AN / ZPQ-1 TESAR" and "AN / APY-8 Lynx 
SAR / GMTI" (USA), "EL / M-2055 SAR / MTI" 
(Israel).  

The instruments and systems in question solve the 
following tasks to the extent of ecological setting 
monitoring [1, 2]: 

1.    Monitoring of natural disasters areas. 
2. Monitoring of forestland and water files, 

agricultural land condition and so on. 
3.    Monitoring and traffic conditions setting, etc. 
The images received by these means are 

distinguished by potentially high resolving power, so 
they are a key element of modern and advanced data 
systems. 

Algorithms and methods of image fractal analysis are 
one of the most advanced ways of images processing 
transferred from the means of earth remote sensing and 
monitoring [3-5]. 

2 Formulation of the problem 
A feature of fractal methods is that, when terrain images 
processing, it is possible to describe the uniqueness of 
the observed object using one parameter - the fractal 
dimension, which gives the opportunity to carry out a 
preliminary automatic segmentation of the analyzed 
image by selecting clusters of a given range of fractal 
dimensions. By the process of fractal processing is 
meant the sequential operation of the following phases: 
1. A field (sheet) construction of fractal image 
dimension and its thresholding. 
2. Histograming of fractal image dimension and its 
analyzing. 
3. Image clustering based on the field of fractal 
dimension.  

A histogram of the fractal dimension levels 
distribution, which has borders in a certain range, is one 
of the options for presenting the results of fractal image 
analysis.  

It is possible to organize an automated classification 
of objects on the analysed image and their clustering 
based on the obtained histogram. 

There are good reasons to use the isarhythm method 
[3, 4], based on contour lines of objects and surfaces 
usage with the application of dimension reduction 
technique to improve the quality of the result obtained. 

The following 3D methods of preprocessing were 
used to prepare images for the construction of fractal 
dimension sheet: histogram equalization, Sobel 
transformation, Kirsch transformation, Laplace 
transformation, threshold transformation [4].  
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Its black and white version is the result of image 
processing, on the basis of which the sheet and 
histogram of the fractal dimension are calculated.  

3 Solution methods 
Image points are subjected to threshold processing 
relative to the selected section level in intensity In. If I(i, 
j) > In then the point is set to one, if I(i, j) < In, then to 
zero. 

The construction of the fractal image dimension sheet 
was carried out in a sliding display field of size K × K 
points with a given period s = K. To calculate the fractal 
dimension of image fragment bounded by the display 
field, the quadrate method was used with the help of 
Minkowski dimension [3, 4]. The level of image area 
fractal dimension D in the display field depends on its 
intention, as well as the size of the display field, and is in 
the interval [0, 2.0]. As the display field size is zooming, 
the fractal dimension level of the corresponding image 
fragment is growing to a large size. 

Analysis of the fractal dimension histogram allows to 
select the features of the image objects and to perform 
clustering, and assessment of occupied display area 
fraction.  

4 Numerical experimental results 
In Figures 1-4 show the results of fractal image analysis, 
which correspond to tasks 1 and 2, solved during earth 
remote sensing. 

In these figures you can see that the application of 
image preprocessing methods allows to construct a 
fractal image dimension sheet using the Minkowski 
dimension. 

In Fig. 1 shows an image fragment containing a 
forest, a reservoir, and a system of natural soil roads. 
The Sobel transformation was applied in the image pre-
processing.  

In addition, the histogram of the fractal dimension 
has 3 obvious bursts over the intervals of 0-0.1; 0.6-1.0; 
1.4-1.65. 

 
(a) 

 
(b)  

 
(c)  

 
(d)  

Fig. 1. The results of fractal image analysis (image size 
800× 541; fractal dimension D estimation display field size - 
40): (a) - the original image; (b) - fractal dimension sheet; (c) - 
combined image; (d) - histogram of the fractal image 
dimension. 

Analysis of the received fractal dimension histogram 
(Fig. 1d) made it possible to estimate the display area 
fraction occupied by objects such as forest and a 
reservoir in the image. So, for the image shown in Figure 
1, the forest fraction is 52%, and the area occupied by 
the lake is 21% of the total image area for which the 
histogram is constructed. 

In Fig. 2 is represented a wood with an island of fire 
with a corresponding sheet and a fractal dimension 
histogram.  

The fractal dimension D of the image areas 
corresponding to the solid wood is in the range of 1.50-
1.65. Fig. 2c and Fig. 2d show fractal dimension 
histograms of the naive wood and the same wood with a 
fire. The occurence of smoke as a result of a forest fire 
reduces the contrast and texture of the corresponding 
image areas, which leads to the appearance of areas 
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corresponding fractal dimensions in the interval from 0 
to 1.15 on the histogram, which are no in the histogram 
of the original wood image. 

 
(a) 

 
(b)  

 
(c) 

 
(d) 

Fig. 2. The results of fractal image analysis (image size - 
800 × 541; fractal dimension D estimation display field size 
40): (a) the original image; (b) - combined image; (c) - 
histogram of the fractal  image dimension of the original wood; 
(d) - histogram of the fractal wood image dimension with fire. 

The corresponding fragment of the fractal dimension 
histogram (Fig. 2d) in the interval from 0 to 1.2 is shown 
in Fig. 3.  

 
Fig. 3. The fragment of a fractal dimension histogram 
corresponding to the centers of a forest fire.  

Histogram analysis (Fig. 2d) allows to conclude that 
there is a fire hazard and to make a raw estimation of its 
location (according to screening with smoke zone) and 
area (about 5% of the image area). 

Fig. 4 shows a fragment of an image containing a 
section of the sea surface with an oil spill.  

 
(a) 

 
(b) 

 
(c) 
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(d)  

Fig. 4. The results of a fractal analysis of the sea surface 
section image with an oil spill (image size 1124× 744; fractal 
dimension D estimation display field size – 30): (a) - original 
image; (b) - fractal dimension sheet; (c) - combined image; (d) 
- histogram of the fractal image dimension. 

The Sobel transformation was applied in the image 
pre-processing. Due to the fact that free of oil sea surface 
in the figure does not have a evident sign of structure, 
after applying the Sobel transformation the fractal 
dimension of such image areas will be close to 0, which 
you can distinctly observe on the histogram (Fig. 4d). 
The areas of the image corresponding to the areas of the 
sea surface that have been contaminated have a fractal 
dimension other than zero. The area of pollution 
corresponds to 47% of the total image area. It should be 
noted that the use of image transformations with the 
first-order and second derivatives (Kirsch, Sobel, 
Laplace, etc.) do not allow to identify the zones of 
greatest contamination that have a homogeneous 
structure. 

5 Conclusion 
Thus, the application of the fractal analysis methods 
allows solving successfully the problems of monitoring 
objects clustering, to assess their condition, to identify 
anomalies that have implications for the ecological 
setting, as well as to evaluate the development of 
anomalous situations. The computational complexity of 
the fractal analysis algorithms permits efficiently to 
process a great deal of array information in the case of 
their implementation on modern computing hardware. 
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