Neutrosophic Science International Association

University of New Mexico in USA »
Prof. Dr. Florentin:Smarandache

Neutrosophic Mathematical Morphology
for Medical Image

E.M.EL-Nakeeb
Physics and Engineering Mathematics Department
Faculty of Engineering , Port Said University, Egypt

A.A. Salama

Department of Mathematics and Computer Science,
Faculty of Science, Port Said University, Egypt

Hewayda El Ghawalby
Physics and Engineering Mathematics Department
Faculty of Engineering , Port Said University, Egypt




© e

Becomd Infernational Conderence

Faculty of hursing | Port Sald University
Sursing Between Reality and Hoped

A fstwre viskon)
21 FROM APRIL 2016

hUnder the Palronage

Governgr of Pert-Sald
Gangraly’ Rdgl FI-ORagiban

Fresident of Port-Said University
Prod. Dv. 7 Rashed Sabry EHRasady
_J

Cripere m Fram e
Frof B ¢ el Rl Bl

Tty g o (e
Epw Bl bw g e, Py

i T ey
Fr | Bra Bafoorsay 12 s wd

—

€2 (et il (i L
" Fintaer] By rp ity g e e pieg paeeicen

o e TR el Tl BRI D i e

ity s Pl caw

Clid SR, e W el e Sl i
gl g

I Dessrmene the pap Batween o thearaticsd
e ErECUCEl MNpECth O Paaraarep.

2r Benpial FecdTipld Tulord sl Wl Sl bt
pkprpey dereplogrren §oopels poess o
gizalty g ancalipros

et S S T TR

* v Hingd ') Sl i [P o] R eyl
b

- Dynbemy ol procicsl med Pacrvbicsd

|| Fevptions R v foree |

1B 3000 % A0H)
i T S S0Mb

Abntracis shoadd Boe son! ot Lho Poilowing
e gl e

P T, B S TE I S
B T e s PITOT S, [ e = WERSING FUTURE VriaaiSGaLARL OO
ruaally ol mgreng perdone hasd Bne For werdivg aalests D03 o0&
- The ey of e thaorriicsl srd preciosl Fooplai Dl marecy of e rafal Prgem Th
i ol el AU (TPl Fad el Do =2 SHETPES AR PS DU ED
S e 71 STTPS. AR-8R FACESO0K COML NI ING PoS
" Dwrepdopamerisl Nuewing Sirsfegles =d
ar— E- W P S e e resereLn
o

T A @
4 g?
3};*'}1

L 01284446876
. 01200005




A new framework which extends the concepts of
mathematical morphology into sets is presented . Medical
Images can be considered as arrays of singletons on the
Cartesian grid. Based on this notion the definitions for the
basic neutrosophic morphological operations are derived.
Compatibility with binary mathematical morphology as well
as the algebraic properties of neutrosophic operations are
studied. Explanation of the defined operations is also
provided through several examples and experimental
results .
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from the collaborative work of Georges
Matheron and Jean Serra, at the Ecole des
Mines de Paris, France. Matheron
supervised the PhD thesis of Serra,
devoted to the quantification of mineral
characteristics from thin cross sections,
and this work resulted in a novel practica
approach, as well as theoretica
advancements iIn integral geometry anc

topology:.




In 1968, the Centre de Morphologie
Mathematique was founded

During the rest of the 1960s and most
of the 1970s, MM dealt essentially with
binary Images, treated as sets, and
generated a large number of binary
operators and techniques: Hit-or-miss
transform, dilation, erosion, opening,
closing, granulometry, thinning,
skeletonization...




Motivation:

Based on shapes in the image, not pixel

Intensities.
Morphology Is the study of shape. Mathematical

Morphology mostly deals with the mathematical

theory of describing shapes using sets..




We can transform an image
Into a set of points by regarding
the image's subgraph.

The subgraph of an image Is
defined as the set of points that
lies between the graph of the
Image and above the Image




Mathematical Morphology

Is a theory and technique for the analysis
and processing the geometrical structures,
based on set theory, topology, and random
functions.

It IS most commonly applied to digital
Images, but it can be employed as well on

graphs, surface meshes and solids..




Mathematical Morphology

Topological and geometrical
continuous -space concepts such as:
size, shape , convexity , connectivity ,
and geodesic distance, were

Introduced on both continuous and

discrete spaces.




Mathematical Morphology

Mathematical Morphology i1s also the
foundation of morphological 1mage
processing which consists of a set of
operators that transform Images

according to those concepts.




Binary Mathematical Morphologqy

For morphology of binary images,
the sets consist of pixels In an
iImage.
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Basic Morphological operations

Original set, extracted as a subset

from the turbinate image

structuring element: a square of side 3. .

The reference pixel is at the centre.




Binary Mathematical Morphologqy

*» Dilation
Used to increase objects in the image

XoB = [ JX, .
be B

— UBI-.-

re X

I = {z+blxe X,be B}
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Binary Mathematical Morphologqy

“ Erosion
Used to reduces objects in the image

ﬂ ;j{—b ;

be B
= {peE| B, C X}

F —
X =B
-‘-' I-\-\_ --

X€ is the complement of the set X, X =E \X

I (X®B)=X°SB , (X&B) =X‘®B



' Morphological operators \

' l\ erosion

-




FIGURE 3.1 An example of grayscale morphological operations by a 3 x 3 square with all Os:
(a) the Lena image, (b) grayscale dilation, and (c) grayscale erosion.




Binary Mathematical Morpholoqgy

“*Opening

Used to remove unwanted structures in the image

Ao-B = (AS©B)®B




' Morphological operators \
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Binary Mathematical Morphology

“*Closing

Is used to merge or fill structures in an image

AB = (A®GBOSB

.



' Morphological operators \

o =y

.



FIGURE 3.4 An example of grayscale morphological operations by a 3 x 3 square with all Os:
(a) the Lena image, (b) the grayscale opening, and (c) the grayscale closing.

FIGURE 3.5 An example of grayscale morphological operations by a 5 x 5 square with all Os:
(a) the Cameraman image, (b) the grayscale opening, and (c) the grayscale closing.




Fuzzy Mathematical Morphology

Fuzzy mathematical morphology provides an

alternative  extension of the binary
morphological operations to gray-scale

Images based on the theory of fuzzy set.




Fuzzy Mathematical Morphology

The operation of intersection and union used
In binary mathematical morphology are
replaced by minimum and maximum

operation respectively .




Fuzzy Mathematical Morphology

“ dilation

Let us consider the notion of dilation within the original
formulation of mathematical morphology in Euclidean space
E. For any two n-dimensional gray-scale images, A and B, the

fuzzy dilation,
ADB = (#AEBB)’ of A by the structuring element B is an

n-dimensional gray-scale image, that is: g, : Z* — [0,1],
and

“A@B(v) = sup min[uA(v +u), uB(u)]

u622




Fuzzy Mathematical Morphology

* erosion

For any two n-dimensional gray-scale image, A
and B, the fuzzy erosion A© B = (u,,;) of Aby

the structuring element B is an n-dimensional gray-
scale image, thatis: pu,o, : Z° — [0,1], and

Haop(V) = iean2 max[,uA(v +u),1— ,uB(u)]
u




" (a) (b)

Figure 6: (a) Original Image; (b) Fuzzy
Erosion: (¢) Fuzzy Dilation: (d) Fuzzy Top-
Hat: (e) Binarization: (f) Final Image.




(a)Original Image

{a)

{C)

(c) Fuzzy Dilation (b) Fuzzy Erosion

.



Neutrosophic Mathematical Morohology

In this thesis we aim to use the concepts
from Neutrosophic (both crisp and fuzzy) set
theory to Mathematical Morphology which
will allow us to deal with not only grayscale

Images but also the colored images.




Neutrosophic Mathematical Morphology

The Introduction of  neutrosopic
morphology Is based on the fact that the
basic morphological operators make use of
fuzzy set operators, or equivalently, crisp
logical operators. Such expressions can
easily be extended to the context of
neutrosophic sets. In the binary case,
where the Image and the structuring
element are represented as crisp subsets




Algebraic properties in Neutrosophic
mathematical morphology
The algebraic properties for neutrosophic erosion and dilation, as well

as for neutrosophic opening and closing operations are now considered.

Duality theorem:
Neutrosophic erosion and dilation are dual operations i.e.

HACOB(x) — ﬂ(AeB)C(x)

OAc®[-Bl(r) = T(aeB)(X)

Yao[-Bl) = YaepyX)




Neutrosophic opening is defined by the flowing:

ﬂAoB(x) = “(A@B)EBB(x)
0pp(X) = 0 =)0 ):169,
Y 405 (%) = y((AeB)EBB)C(x)

Neutrosophic Closing is defined by the flowing:

tyop(X) = #(AEBB)GB(X)
04.5(X) = 0 (a@p)oB(X)
VA.B(X) = y((A@B)eB)C(x)
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