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ABSTRACT: A fractal dimension (FD) is an important feature, which characterizes roughness and self-
similarity of complex objects in nature images. In practice, the FD is determined by a box-counting (BC) that is 
one of the commonly used estimation algorithms. In this paper we propose two algorithms: a box-counting 
algorithm for the evaluation of fractal dimension and an algorithm for the evaluation of local fractal dimension. 
The implementation of the algorithms is validated by the accuracy estimates in respect to the FD theory. 
Experimental results show that the BC method proposed provides more precise estimates compared with the 
classical BC method in terms of precision, accuracy, and the order of data taken over. The higher accuracy of FD 
estimations leads to more powerful features in the application of general  and fine applications. 
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1. INTRODUCTION 
 
In nature, there are complex shapes which 
cannot be evaluated neither through 
classical geometry nor through topology. 
These shapes change their geometric 
properties according to the representation 
scale. Fractal geometry is an extension of 
classical geometry [1]. It can be used in 
order to shape and evaluate more precisely 
complex physical shapes, which have 
irregular edges, like leaves, shores, 
galaxies. In their paper O.M. Bruno and 
others use the fractal dimension (FD) to 
identify objects in nature through the box-
counting (BC) and the multiscale 
Minkowski methods to estimate the fractal 
dimension (FD) [2]. In medical 
applications, R.D. King and colab. [3] used 
the BC method to estimate the FD of the 
cortical ribbons in order to determine the 
patients with different degrees of cerebral 
atrophy. The most used method of the 
fractal dimension estimation in objects 

from nature is the box counting method 
defined by Russell and others in 1980 and 
used by scientists later [4], [5]. Several 
papers [6], [7], [8], [9] try to extend the 
capacity of a BC method in order to be 
applied to a grey scale picture. 

 
2. THEORETICAL 

BACKGROUND 
 
2.1 Fractals. Fractal Dimension 
 
In image processing we will consider 
fractals being subsets of the  plan 
formed from irregular objects with 
indefinite details at any representation 
scale. The Euclidian dimension is the 
dimension of the minimal Euclidian space 
in which the analyzed object can be 
submerged (broadly through Euclidian 
dimension we understand the minimal 
number of coordinates used to define a 
random point of the object). In order to 
characterize the fractal objects the notion 
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of fractal dimension was introduced. The 
fractal dimension is very important in the 
quantitative evaluation of the fractal 
objects because it allows the evaluation of 
the irregularity degree of a contour, edge 
line or surface. A fractal is a shape whose 
fractal dimension is strictly greater than its 
topological dimension, not being an 
integer. For objects having the self-similar 
property, the fractal dimension is defined 
as follows: Let N be the number of copies 
produced by the scaling with the factor 

)1( rr . Between N and r, the following 
relationship is determined: 
 

                                                 (1)                                                                                     
 
Through the logarithm of the relationship 
above, the fractal dimension is obtained for 
self-similar objects: 
 

                                             (2)      
                                                                                            
For natural objects another definition of 
fractal dimension will be adopted. Either, 
in this way, A a compact set of plan and  

 the smallest number of discs of 
radius r needed to cover the set A. If the 
next limit (3) exists, then this limit is called 
fractal dimension of A: 
 

                          (3)                                                                                        

 
Because the direct calculation of fractal 
dimension is practically impossible to be 
done, there are now many ways to evaluate 
the fractal dimension, of which the most 
common is the box-counting algorithm. 
Therefore, the first way to evaluate the 
fractal dimension is to cover the A set with  
domains limited by the sides of the squares 
obtained by successive division at 2 of the 
side of an initial square, considered on the 
directions of the coordinate axes 
containing this set. In this case we can 
consider as definition, the following limits: 
 

                      (4)                             

 
, where n is the order number of division 
(  being the side of the coverage 
square, and L the side of the initially 
square) and ),( nAN  is the number of 
squares corresponding to this divisions that 
have non-empty intersection with the set 
A. 
 
3. THE PROPOSED METHOD 
 
3.1. Algorithms for the evaluation 
fractal dimension  
 
In practice, due to the limited resolution of 
the digital representation of images, the 
calculation of the fractal dimension by 
applying directly the definition is 
impossible. For the calculation the fractal 
dimension we can used, the box-counting 
algorithm, starting from the definition (4) 
and the restrictions of resolution. This 
algorithm applicable to the binarized 
images, consists of the following steps: 

1. it reads the original binary image; 
2. it extracts the contour using e.g., 

the filter based on logic functions 
with five points neighborhoods; 

3. it  initializes k=2, r=1/k și σ(r)=0; 
4. it  calculates the size of the box 

counting as follows: 
a) it divides the image into 4 

squares equivalent and mark 
which contains points of the 
outline; 

b) it counts the marked squares; 
c) each marked square is divided 

in turn into 4 equivalent squares  
and the ones which contain 
points of the outline are 
marked; 

d) make k = 2k and the process 
continues from the point b), as 
long as it allows the image 
resolution; 

e) the values obtained k = 1 / r, 
and N(r) are logarithmic and 
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represented graphically in a 
curve having coordinates 

 
f) the approximate slope of the 

log-log curve or the slope of the 
line joining the most points of 
the curve is calculated. The 
value of the slope represents the 
size of the box-counting 

. 
Sometimes, the choice of the binarization 
threshold may influence the evaluation of 
the object’s fractal dimension. In order to 
attenuate this influence the following 
algorithm can be used, also based the box-
counting dimension, but which uses all the 
shades of gray (or color) of interest in the 
selected area. The box-counting algorithm 
for the greyscale images consists of the 
following steps: 

1. the grayscale initial image is read 
or if it is colored it is transformed 
from RGB in the intensity I (or 
gray level ) using the  formula: 

 ; 
2. the area of analysis is selected; 
3. select and stores the grayscale of 

interest in the area of analysis. For 
each tone of gray selected  the 
following operations are selected: 
a) the image is binarized using a 

threshold equal with the gray 
tone selected so that the object 
is white and the background is 
black; 

b) the contour is extracted using 
the binary filter with 5 points 
neighborhoods; 

c) the box-counting  dimension for 
extracted outline is estimated 
and stored; 

4.  the space of the size box-counting 
(the dimension of the box-counting 
to the value of gray level 
considered as binarization threshold 
for the extraction of the contour) is 
represented graphically. 

The fractal dimension of the object in 
grayscale, will be considered the value of 

the constant part (or an average value if is 
quasi-constant) from the spectrum obtained 
at point 4. If such a portion does not exist, 
then the object analyzed is not fractal. 
 
3.2. The local fractal dimension 
 
The fractal dimension defined above and 
calculation algorithms presented refer to a 
global characterization of the analyzed 
object. In order to characterize the local 
complexity of shapes the local fractal 
dimension concepts and the local-
connected fractal dimension have been 
introduced. Thus, in order to evaluate the 
shapes which do not allow the calculation 
of a global fractal dimensions, each point 
of the shape is associated with a maximum 
neighborhood and a defined local fractal 
dimension and calculated by a method 
similar to the box-counting method. The 
algorithm for the calculation of the local 
fractal dimension is as follows: 

1. either a current point of the shape 
(the shape contour); 

2. a neighborhood of increasing size 
is considered, 

centered on P, 

  ; 
3. for each h,  there are counted shape 

points from inside the 
neighborhood N(h); 

4. Trace the curve  
and the local fractal dimension is 
calculated as being the slope of the 
logarithmic characteristics, using 
one of the methods mentioned (the 
smallest squares, maximum 
frequency).  

Sometimes the local fractal dimension 
leads to erroneous results (e.g. case of 
separate lines - instead of 1, give a value 
greater than 1.2 - or separate points - 
instead of 0 obtain a value greater than 1). 
To correct these errors the local-connected 
fractal dimension is considered. Unlike the 
calculation of the local fractal dimension, 
the calculation of the local-connected 
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fractal dimension considers only shape 
points from inside the neighborhood, 
connected with P. The algorithm for the 

calculation of the local-connected fractal 
dimension is as follows: 

1. take a current point of shape (the 
shape contour). 

2. the neighborhood of increasing size 
 it is 

considered, centered on P, 

  ; 
3. for each h,  shape points from 

inside the neighborhood N(h) are 

counted which are connected to the 
central point P; 

4. trace the curve  
and the local-connected fractal 
dimension is calculated as being  
the slope of the logarithmic 
characteristics, using one of the 
methods mentioned.

  
4. EXPERIMENTAL RESULTS 

 
We have conducted the experiment in 
Matlab R2012b, which is installed on a PC 
system with Intel Core i3-2100 processor 
and 4GB memory. The proposed algorithm 
it used to compare the experimental and 

theoretical results in terms the Serpienski 
triangle. Figure 1 shows the result for the 
Serpienski triangle using the proposed 
algorithm. 

 

Figure 1. The dimension estimate of the Sierpinski triangle by the proposed algorithm 
 
The estimated fractal dimension of the 
Sierpinski triangle with the proposed 
algorithm is less (1.5832) compared to the 
theoretical dimension (1.5850), resulting 
that the proposed algorithm is good. Table 
1 shows the execution times in the program 

to calculate the dimension and tracing. 
From table 1 we can deduce that an 
execution consumes the most time for 
potting the graph (subplot function), then 
less time for calculating the fractal 
dimension (function boxcount), a small 
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time to draw the triangle (Serpienski 
function) and other small functions 

consuming very little time. 

 
 

 
 

Table 1. The execution time for the functions of the program 
Function Total time % Time 

serpinski 0.022 (s) 16.5% 

boxcount 0.045 (s) 33.8% 

subplot 0.064 (s) 48.1% 

Self time (built-ins, overhead, etc.) 0.002 (s) 1.5% 

Totals 0.133 (s) 100% 

5. CONCLUSIONS 
 
In this paper, two algorithms are presented: 
one type for box-counting fractal 
dimension and an evaluation algorithm for 
evaluating local fractal dimension. 
With the first algorithm an experiment is 
performed, the results are better than those 
theoretical realized with the box-counting 
classic method. 
To characterize the local complexity of a 
shape notions of local fractal dimension 
and local-connected fractal dimension 
were introduced, proposing an algorithm 
for the calculating of the local fractal 
dimension. 
The errors which appear during the 
calculation of the local fractal dimension 
can be corrected with the local-connected 
fractal dimension because it takes into 
account only of the shape points within the 
neighborhood. 
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