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2D Topological Pore Characterization
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Figurel: 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
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Study on mathematical morphology techniques

By using the mathematical morphology
technigues, we work on

A 2D Topological Analysis

A

Morphological decomposition techniques
Pore connectivity network techniques
Pore throat techniques

Reconstruction by overlapping and neaverlapping
techniques
and 3D Topological Analysis

A
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Frinceduies oMospholoencalllecomposiliion

non-overlapping structuring elements with sizes distribute
randomly from radius INn pore image.

The avallable pore space is decomposed with the
structuring elements of the higher radius ( ).

Once filling the decomposed , It Is followed by the
procedure that reduces the radius of the structure elements.

The procedure Is repeated until leftover pore is filled with
the structuring.element of the pore with.-minimum radius

min







(oeSimaleraciaRdmension

¢ This type of decomposition facilitates a procedure
to estimate the dimension, akin to fractal

dimension, through a powelaw relationship which
can be represented by

N@r) r= with D=a-1 (2)
where N - the number of decomposed shapes,
r - radius,

a - slope of the regression line,
D - fractal dimension.






A discrete binary pore image V- (Eig. &)
is defined as a values between 0 and 1.

- Each @@M@mm@ template (S) has a
designed shape that acts as a probe. For
examples, structuring elements of rhombus,
square, octagon.

- A morphological operation transforms M to
a new image by a structuring element S to
obtain decomposed shape.
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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.




Table 1 The estimation of Fractal dimension

Closing at Fractal Dimension (D )
pore space

Rhombus | Square 3x3 | Octagon

Morphological | 1.7833 1.764 1.8261
decomposition




SummzvEoEmmEphol ool decomposibin

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

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.

From the power law of relationship (N (r) © r?), the
number of cycles or, radius is required to decompose depend
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C The pore connectivity networks (PCNs) are extracted

from pore space of sandstone microphotograph.

decpsiion. _




% These transformations can be visualized as working with' two' pore images namely,

the image being processed (M), andl a structuring template (S):

o applied ractal-skeletal based channel network (F-SCN) model (Sagar et. al,
2001) to extract the pore connectivity network.

Examples (fhombus as a prole):
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The model which forming pore connectivity is similar to channel network.
Thils netweork, PCN (M), can be defined mathematically as
PCNy(M)=(M © 9\(M O §)0 SIA § )
N
PCN(M) = GPCN, (M)

s =1,2, ..., N ()

- wiheres PCN,, (M) denoles the nth channel subset of fractal basin (V).



octagon to € @xatcnm pore ¢ wﬁm@iﬂm ity In mummks firem pore-sp EL@@ Jf sandstone
Inage.

= Toeslimate the firactal dimension,
Thhe powerlaw ielionsiily ez be repiesenisd by
W () ee = Wiin D= e &)

where N, r, o, and D respectively represent the number of pixels of
pore connectivity network, size of structuring elements, slope of the
regression line, and fractal dimension.



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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The methods of meorphelogical
decomposition. and pore connectivity

network
¢ 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

¢ The results of fractal dimension shown that
these two procedures of morphological
decomposition and pore connectivity network are
similar.
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Analyze the relationships between fractal dimension and the-r
scale dimension of pore connectivity networks (PCNSs) in this po
media.

Investigate the different dimensions of pore space with applyi
opening transformations to obtain the mgltale dimensions of por
space. Furthermore, we apply the mathematical morphology
technigue to obtain the pore connectivity network.

The lengths of pore connectivity appear in the branching netw
forms that are irregular and fragmented in sizes. As a result, we
estimate fractal dimensiob]) with box counting method



Examples of niultiscalle porel connectivity
netwerk with- strdcturing element of squalie
' I...-.’ e " &i \' o o Yi, R,

Figure 13(q): The extraction of pore connectivity network by
square structuring element at multiscale dimensions of pore spax



Summary of the multiscale dimension

of pore connectivity network

¢ Less intricacy of connectivity networks is observed
In higher opening cycles of model images due to
the fact that decreasing of the area of smal
particles at pore space

¢ From the results of fractal dimension in Figure 14,
It Is shown that the values of fractal dimension of
the pore connectivity network for rnombus, square
and octagon is decreasing (scaling) as the opening
process increasing
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Randoim pore space reconstruction

SRR oy gt oo o s o

minimum morphological information through:
(a) overlappingand
(b) non-overlappingdisks of various shapes and sizes

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



Overlapping reconstruction

C Overlapping reconstruction iseconstructed by

selectively dilating these connectivity network points
with three structuring templates as shown
mathematically below

D-PCN.(M)=PCN.(M)AS.,n= 1, N2(Ba) &,

¢ Dilated portions thus achieved are combined and
formed the overlapping reconstructed pore image

N
RECON(O3 G [PCN,(M)A S] (6b)

n=1



Non-overlapping reconstruction

eSS,
¢ The nonoverlapping procedure (morphological

decomposition) is decomposed with neaverlapping
structuring elements into the pore space

¢ To compute the efficiency of these two technigues, we find
the probability cumulative distribution functions

eN . o

AéG [PCN,(M)A S, ]

A[RECON(M)_  én=1 {
AM] AM] (7)

¢ The results achieved through two types of reconstruction
of sandstone pore are compared.
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