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Why Discrete Mathematical Morphology?

» Superior Analysis
» Finer Granulometries
» Contrast Preserving Watershed Algorithms

» Fast Graph based computations

Most of the material is available in [1],[3],[2]



Basics of Graphs

Figure : General Graph

» Definition of a Graph
» Adjacency



Basics of Graphs

Figure : General Graph

» Paths in a Graph
» Connected Components
» Vertex and Edge Weighted Graphs



Graphs in Graph Morphology
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Figure : 4 - Adjacency Graph



Graphs in Graph Morphology
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Figure : 6 - Adjacency Graph



Basic Operators on Graphs
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Figure : Graph Dilation And Erosion

5*(X*) = {x € G* | Fe,, € X*}




Basic Operators on Graphs
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Figure : Graph Dilation And Erosion

e (X*)={ey €EG* | x€X®and y € X*}




Basic Operators on Graphs
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Figure : Graph Dilation And Erosion

e (X*)={x € G* | Ver, € G, ey € X*}




Basic Operators on Graphs
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Figure : Graph Dilation And Erosion

§(X*)={exy €EG* | xEe X orye X}




Vertex Dilation and Erosion

Definition
We define the notion of vertex dilation, ¢ and vertex erosion, €
as, § =% 00” and € = €®* o €. These are equivalent to, for any

X. EG.
§(X®°) = {xeG® ey € XX, ey NX* # ¢}
e(X®) = {xeG*|Ve €G*, x,y € X*}



Edge Dilation and Erosion

Definition
We define the notion of edge dilation, A and edge erosion, £ as,
A =6*06%and £ =¢* oe®. These are equivalent to, for any

X* eG*®
AX*) = {exy € G*| either Je,, € X* or ey, € X*}
EX*) = {ecy €G* | Vers eyw €GX, e, € X™, g0 € X'}



Vertex Dilation
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Figure : Graph Dilation And Erosion

§(X®*) = {x € G"|Texy € G, ey NX* # ¢}



Edge Dilation
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Figure : Graph Dilation And Erosion

AXX) = {ew, € G* | either Je,, € X< or ey, € X*}



Vertex Erosion
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Figure : Graph Dilation And Erosion

e(X*) = {x € G* | Ve, € G*, x,y € X*}



Edge Erosion
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Figure : Graph Dilation And Erosion

EX*)={ecy €G* |Ver, yw €G™, e, € X", &0 € X'}



Graph Opening and Closing

Definition
We denote opening and closing on vertices by 71, and ¢1, opening
and closing on edges by '1, and ®1, and opening and closing on
graphs by [v,]1 and [¢, ®];.

1. We define y; and ¢1 asy1 =doeand ¢1 = €0 d

2. Wedefinel'{ and @1 as{ = Aofand 1 =E0 A

3. we deine [, T]1 and [, ®]1 by [, T]1 = (71(X*), (X))

and [¢, ®]1 = (#1(X*®), ®1(X>)).



Graph Half-Opening and Half-Closing

Definition
We denote half-opening and half-closing on vertices by 71> and
¢1/2, half-opening and half-closing on edges by I'; /5, and ®; 5, and
half-opening and half-closing on graphs by [v,[]1/> and [¢, ®]; /5.
1. We define ;> and ¢1/5 as vy = 6* 0 €™ and ¢y = €® 0 d”
2. We define 'y, and @5 as [ = 6% 0€® and @y /5 = €* 00°
3. we deine [v,T]; /> and [¢, ®]; > by
[v: T2 = (v1/2(X*), T1/2(X™)) and
[6, ®]1/2 = (P1/2(X*), P1/2(X*)).



Graph Opening and Half-Opening
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Figure : Graph Opening and Half-Opening

> 712(X®) = {x € X* | Jexy € G* withy € X*}
> T1p(Y*)={v e G* | Ix € uwith {ex, € G*} € Y}




Graph Closing and Half-Closing
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Figure : Graph Closing and Half-Closing

> ¢1/5(X®) = {x € X* | Vex,y € G* either x € X* or y € X*}
> Dy (VX)) ={exy €G* | Jex, € Y™ and Jey € Y™ }




Granulometries

Definition
We define:
> [ Thye = 16,81 0 [7. T}, o [6, €] where i = [A/2] and
J=A—2x[)/2]
> 6,01y = [6.€] 0 [¢, O} ), 0 [0, A], where i = [A/2] and
j=A—2x[A/2]



Granulometries

Theorem
The families {[,T]x/2 | A € B} and {[¢,®]\> | A € B} are
granulometries:
» forany A€ N, [v,T]y/2 is an opening and [¢, ]y, is a
closing.

» for any two elements A\ < pi, we have [y, T]5/2(X) 2 [v,T],/2
and [¢, ®]x/2 C [¢, P2 where D and C are graph
comparisons.
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