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POROUS MEDIA VISUALIZATION 
AND CHARECTERIZATION VIA 

MATHEMATICAL MORPHOLOGY  

   

http://www.isibang.ac.in/~bsdsagar


Figure1: The models of (a) pore connectivity network 

(channel), (b) pore body and (c) pore throat  
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Figure 2: The diagram show the macro and micro levels 

analysis on rock sample   



Ç  Study on mathematical morphology techniques 

Ç  By using the mathematical morphology 

techniques, we work on 

Å  2D Topological Analysis 
  

1.  Morphological decomposition techniques 

2.  Pore connectivity network techniques 

3.  Pore throat techniques 

4.  Reconstruction by overlapping and non-overlapping 

techniques 

Å  and 3D Topological Analysis 
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Ç  We considered the decomposition procedure that utilizes 

non-overlapping structuring elements with sizes distributed 

randomly from radius Rmax to Rmin in pore image.  

Ç The available pore space is decomposed with the 

structuring elements of the higher radius (Rmax).  

Ç   Once filling the decomposed Rmax , it is followed by the 

procedure that reduces the radius of the structure elements.  

Ç  The procedure is repeated until leftover pore is filled with 

the structuring element of the pore with minimum radius 

(Rmin).   



u t 

 

 

 

 

 

 

 

 

                         (a)               (b) 

Figure 7: (a) Appollonian Space, and (b) after decomposition 

by means of octagon. 



Ç  This type of decomposition facilitates a procedure 
to estimate the dimension, akin to fractal 
dimension, through a power-law relationship which 
can be represented by 

  N (r) ́   r -a     with   D = a - 1        (2) 

    where N - the number of decomposed shapes, 

    r - radius,  

    a - slope of the regression line,  

    D - fractal dimension.  
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This procedure includes systematic use of multiscale opening and 

simple logical operators. The following set of eqns shows how to 

decompose a shape following these morphological transformations. 

M2 = M1 \  M1 o Sn  

M3 = M2 \  M2 o Sn  

Mn = Mn-1 \  Mn-1 o Sn and  Mn+1 = Mn \  Mn o Sn 

Mn = M  and   Mn+1 = f 

MDecomp = (M o Sn) Ç(M1 o Sn) Ç (M2 o Sn) Ç » 

              Ç (Mn-1 o Sn) 

 

 Mn Ë Mn-1 Ë»Ë M3 Ë M2 Ë M1 Ë M 

 

where M is digital binary pore. 

(3) 
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Figure 10(a - c): Graphical plots of logarithm of number of 

decomposed shapes versus logarithm of  radius of structuring 

element for octagon, square and rhombus. 
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Table 1:  The estimation of Fractal dimension

Fractal Dimension (D )Closing at
pore space

Rhombus Square 3x3 Octagon

Morphological
decomposition

1.7833 1.764 1.8261
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Ç         The smaller the size of primary pattern e.g. square, 

rhombus that is used to decompose the pore-space, the 

larger the, number of cycles or, radius is required for 

decomposition. 

Ç         The fractal dimensions of this decomposition pore-

space, derived by means of the number-radius relationship by 

these three types of structuring elements are 1.8, 1.76, and 

1.78.  

Ç         From the power law of relationship (N (r)  ́ r-a), the 

number of cycles or, radius is required to decompose depend 

on the radius of structuring template (rhombus and square - n 

+1, octagon - n +2).  
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Ç  The pore connectivity networks (PCNs) are extracted 
from pore space of sandstone microphotograph.  

(Pore connectivity network is the skeleton in pore media) 
 

 

Ç   These networks are derived by considering structuring 
templates such as octagon, square and rhombus. The 
fractal dimensions are estimated for these loop-like PCNs. 

 

Ç  From the number-size relationship, the fractal 
dimensions of pore-space estimated, by considering these 
structuring elements, yield the values of 1.67, 1.68 and 
1.69 arising in our proposed methodology of morphological 
decomposition.  
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                (a)   (b)   (c) 

Figure 11: The extraction of pore connectivity network of structuring elements:  

(a) rhombus, 

(b) square and  

(c) octagon. 
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Figure 12(a-c): Graphical plots between of number of pixels of pore connectivity 

network versus size of structuring element for (a) rhombus, (b) square and (c) 

octagon. 
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Ç  We calculate the fractal dimension through our 
proposed morphological decomposition 
technique, however, we also estimate the fractal 
dimension of pore connectivity through the 
existing technique, i.e. box counting method 

 

Ç  The results of fractal dimension shown that 
these two procedures of morphological 
decomposition and pore connectivity network are 
similar. 

 



Ç Analyze the relationships between fractal dimension and the multi-

scale dimension of pore connectivity networks (PCNs) in this pore 

media. 

 

Ç Investigate the different dimensions of pore space with applying 

opening transformations to obtain the multi-scale dimensions of pore 

space. Furthermore, we apply the mathematical morphology 

technique to obtain the pore connectivity network. 

 

Ç The lengths of pore connectivity appear in the branching network 

forms that are irregular and fragmented in sizes. As a result, we 

estimate fractal dimension (D) with box counting method 
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(f) (g) (h) (i) (j) 

Figure 13(a-j): The extraction of pore connectivity network by 

square structuring element at multiscale dimensions of pore space 



Ç  Less intricacy of connectivity networks is observed 

in higher opening cycles of model images due to 

the fact that decreasing of the area of small 

particles at pore space  

 

Ç  From the results of fractal dimension in Figure 14, 

it is shown that the values of fractal dimension of 

the pore connectivity network for rhombus, square 

and octagon is decreasing (scaling) as the opening 

process increasing 

 



y = -0.0418x (Octagon)

y = -0.0388x (Sqaure)

y = -0.0625x (Rhombus)

y = -0.027x (pore)

1.2

1.4

1.6

1.8

2

1 3 5 7 9number of opening

fr
a
c
ta

l 

d
im

e
n

s
io

n



u t 



Ç  The random pore space is reconstructed in two ways from 
minimum morphological information through:  

        (a) overlapping and  

        (b) non-overlapping disks of various shapes and sizes 

 

Ç  The employed structuring elements to carry out this 
analysis include the octagon, the square and the rhombus  



Ç Overlapping reconstruction is reconstructed by 
selectively dilating these connectivity network points 
with three structuring templates as shown 
mathematically below 

         ,  n = 1, 2, é, N   (6a) 

 

Ç  Dilated portions thus achieved are combined and 
formed the overlapping reconstructed pore image 
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Ç  The non-overlapping procedure (morphological 
decomposition) is decomposed with non-overlapping 
structuring elements into the pore space 

  

Ç  To compute the efficiency of these two techniques, we find 
the probability cumulative distribution functions 

 

 

                 (7) 

 

Ç  The results achieved through two types of reconstruction 
of sandstone pore are compared. 
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   (a)      (b)                           (c) 

  

   (d)      (e)                           (f) 


