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Abstract :  
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 École 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 practical

approach, as well as theoretical

advancements in integral geometry and

topology.



In 1968, the Centre de Morphologie

Mathématique 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...



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

plane.



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..



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 is also the

foundation of morphological image

processing which consists of a set of

operators that transform images

according to those concepts.



For morphology of binary images,

the sets consist of pixels in an

image.

Binary Mathematical Morphology 



Morphological  Operators 

erosion dilation opening closing



Original set, extracted as a subset 

from the turbinate image

structuring element: a square of side 3. 

The reference pixel is at the centre.

Basic Morphological operations 



 Dilation

Used to increase objects in the image 

Binary Mathematical Morphology 



Morphological  operators 

dilation 



 Erosion
Used to reduces objects in the image 

Binary Mathematical Morphology 



Morphological  operators 

erosion 





Used to remove unwanted structures in the image 

Binary Mathematical Morphology 

Opening



Morphological  operators 

Opening



Binary Mathematical Morphology 

Closing

Is used to merge or fill structures in an image 



Morphological  operators 

Closing





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

Fuzzy Mathematical Morphology 



erosion

Fuzzy Mathematical Morphology 





(c) Fuzzy Dilation (b) Fuzzy Erosion



Neutrosophic Mathematical Morphology 

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.



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

of Rn.

Neutrosophic Mathematical Morphology 



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.



Neutrosophic opening is defined by the flowing:

Neutrosophic Closing is defined by the flowing:












