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Morphology Mathematics

• In the field of image processing, the term mathematical morphology denotes
the study of the geometric structure of an image.

• It is a useful tool for representing and describing the shape of a region.
Contours, skeleton, etc. can be extracted.

• It is a mathematical tool initially defined on binary images but easily
extended to gray tone and then color images.



Morphology Mathematics

• Goal: To distinguish relevant shape information from irrelevant
information.

• Most techniques for analyzing and processing the shape of regions are based
on making a shape operator that satisfies the required properties.



Examples

The analysis of an image involves the
extraction of measures characteristic
of the image under consideration.

For example, Geometric measures
consist of the position of an "object,"
orientation, area and length of the
perimeter...



Preliminary

• Sets in mathematical morphology represent "objects" in an image:

• Binary images (0 = white, 1 = black): the element of the set corresponds to
the (x, y) coordinates of the pixel; The object is defined in Z2;

• Gray tone images: the set element corresponds to the (x,y) coordinates of
the pixel and its intensity value; The object is defined in Z3;



Preliminaries

If an element of A is

defined as a=(a1,a2) the

following expressions are

well defined:

 

a a belongs to the set A;

a a does not belong to the set A;

 A is included in B;

=C Union;

=C Intersection;

= Empty intersection;

 = ww
c

| Complementary of A;

  c
wwwB ==− ,| Insiemistic difference;



Examples



Logical 
operations



Reflection and Translation
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Let A and B be sets in Z2 



Structuring element

The image structure is "probed" with a user-definable shape set (structuring element)
usually encoded by a small raster image (3×3 or 5×5).





Structuring element
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The expansion effect is due to the application of the structuring element B near the edges.

It follows from the definition that the structuring element is flipped with respect to its
origin, through the reflection operation, and shifted by z positions through a translation.
The result of the operator is the set of z positions such that (B^)z intersects at least one
element of A.

Dilatation
Expands objects

( )  ( ) AABzABzBA zz == ˆˆ



Example of Dilation



Example of Dilation



Applications: 
Filling



Example of Dilation

> B=ones(3,3)



Example of Dilation

> B=ones(3,3)
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Example of Dilation

> B=ones(3,3)

0

1
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Erodes/shrinks objects

The erosion effect is due to the fact that when the structuring element B is
translated near the edges it is not completely contained in A.

Erosion

( ) ABzBA z =



Example of Erosion



Example of Erosion



Example of Erosion
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Example of Erosion
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Example of Erosion



Particle Size Analysis

Shown on the left is an image containing white squares of size 1,3,5,7,9 and 15. In the center
is the output of an erosion process with a structural element of side 13. Then applying an
expansion with the same structural element results in an elegant removal of the initial
details



Opening(A,B)=A º B=(AB)  B =  { (Bz)| (Bz) A }

An erosion followed by an expansion using the same structural element. The effect of
opening is to preserve regions of similar shape to the structural element as much as possible
and to remove different ones. It is a smoothing filter, the power and type of which are
determined by the shape and size of B.

Opening
Structured Tip Removal



Opening



Opening

An example of a problem that requires the application of aperture is the removal of lines
from the image in the figure. In this case, a spherical-shaped structural element with a
radius equal to that of the circles to be preserved that is greater than the thickness of the
lines is used.



Riempimento strutturato di cavità

Closing(A,B)= A●B = (A  B)  B

An expansion followed by erosion using the same structural element. The effect of closing is
to close any internal holes.

Closing



Closing



Examples



Expansion and erosion operations can be used in conjunction to achieve other
operations. For example:

CLOSING
OPENING

GRADIENT
LAPLACIAN



Complex operators

• The combination of the basic operators allows for other complex operations
such as
• contour extraction

• filling regions

• connected components

• convex "shell"

• Thinning

• Thickening

• pruning



Opening/Closing: Noise Reduction

Erosion

Dilatation

Dilatation

Erosion

Opening

Closing



Estrazione dei contorni

As dilation makes regions thicker and erosion thins them, their difference emphasizes the
boundaries between regions. The result is an image in which the edges between objects are
clearly seen and in which the contribution of homogeneous regions is not present.

• Binary images

• Grayscale images



Python and OpenCV

An introduction on Deepfakes Creation 
and Detection Approaches

Luca Guarnera



Python and OpenCV
Example with black and white image
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Dilate and Erode

An introduction on Deepfakes Creation 
and Detection Approaches

Luca Guarnera

-
EDGE



Python and OpenCV
Example with black and white image
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Python and OpenCV
Example with Gray scale image
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Python and OpenCV
Example with Gray scale image
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Dilate and Erode
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Python and OpenCV
Example with Gray scale image
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B&W Vs Gray scale
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Edge extraction



Edge extraction



Edge extraction

Contorni di A si ottiene facendo A - ( A  B )
Python: 
edge = img - erosion
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I – dilation ?

An introduction on Deepfakes Creation 
and Detection Approaches

Luca Guarnera



An introduction on Deepfakes Creation 
and Detection Approaches

Luca Guarnera



Laplacian

Un’alternativa al gradiente morfologico è l’operatore laplaciano che tende a formare contorni 
chiusi.

✓Immagini binarie  

✓Immagini a scala di grigio  

A = imread ('image.jpg');

e = strel ('square', 15 );

L = imdilate(A , e) + imerode(A , e) – 2*A;



Python and OpenCV
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Python and OpenCV
Example with Gray scale image
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Python and OpenCV
Example with Gray scale image

An introduction on Deepfakes Creation 
and Detection Approaches

Luca Guarnera

Input



Black and White
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Lena
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Skeletonization

Skeletonization is a morphological operation that reduces objects in a binary image to a set of
thin lines that preserve relevant information about the shape of the object.

✓Binary image

A = imread ('skeletonization.jpg');

B = bwmorph (A , 'skel' , n);
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Gray scale
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Black and 
White
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Skeletonization
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Other Morphological Operators



Bridge 

It searches for groups of unconnected pixels and joins them by
changing 0 to 1.

✓ Binary images

A = imread ('image.png');

B = bwmorph (A , 'bridge' , 1);

1 0 0

1 0 1

0 0 1

1 0 0

1 1 1

0 0 1

diventa
ESEMPIO



Bridge



Clean

This operation removes isolated pixels. For example, a single 1
surrounded by all 0s.

✓ Binary images

A = imread ('image.png');

B = bwmorph (A , 'clean' , 1);

0 0 0

0 1 0

0 0 0

ESEMPIO



Clean 



Pixel Filling 

This operation allows isolated pixels located within a binary image
to be filled.

✓ Binary images
A = imread ('pixel.jpg');

B = bwmorph (A , 'fill' , 1);

1 1 1

1 0 1

1 1 1

ESEMPIO



Pixel Filling 



Morphological Operators 
for Gray-Scale Images



Extensions to grayscale images

It is possible to generalize mathematical morphology techniques to gray-level images. In
this case:

• f(x, y): input image;

• b(x, y): a structural element (a subimage);

• (x, y): integer coordinates.

f and b are functions that assign a gray level to each distinct pair of integer coordinates.



Dilatation

• where Df, Db represent the domains of f and b, respectively.

• If all values of the structural element are positive the output image tends to
be lighter than the input. Dark details are reduced or eliminated depending
on their value and the shape and value of b.

}D, (x, y)D,(t - y)D(s - x) b(x, y)| t - y) {f(s - x, bff += max t)b)(s, (f



Erosion

• where Df , Db represent the domains of f and b, respectively.

• If all values of the structural element are positive, the image tends to be
darker than the input. One can control the degree of lightening of small light
details depending on their value and the shape and value of b.

An introduction on Deepfakes Creation 
and Detection Approaches
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Esempi

    Original      Dilation      Erosion



Examples
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