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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.
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Morphology Mathematics

e Goal:

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

The analysis of an image involves the

of the image under consideration.

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

* 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;
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If an element of A Is
defined as a=(a;,a,) the
following expressions are
well defined:

My

Preliminaries

4 acA a belongs to the set A,
aeA a does not belong to the set A;
AcB A 1s included in B;
C=AuB Union;
Cc=AnB Intersection;

AnB=@ Empty intersection;

A®={w|we A}  Complementary of A;

\_ A-B={w|weAwgBj=ANB°

Insiemistic difference;/
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e

Universita

_f-"xfr\ %@_Q'_/f dlcatanla

434



Examples

AlLER

AMBAB

-

yolvy,
5t S
&
: Q‘./Im
| | a a
2 ES
1./”- \ 0’@ e
*n LEmaar ‘1438 "

Universita
di Catania



Ma

Logical

operations

A

NOT

AMND

OFR

XOR

NOT-
AND

NOT(A)

(A) AND (B)

(A) OR (B)

(A) XOR (B)

[NOT (A)] AND (B)
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Reflection and Translation

Let A and B be sets in Z2

B = {W\W =-b,Vbe B}, Riflessione dell'insieme B

(A), = {W\W =a+z,Vae A}, Traslazione dell'insieme A

N

?I 1 {[—
\
l:: l](,

Reference point
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Structuring element

The image structure is "probed" with a user-definable shape set (structuring element)
usually encoded by a small raster image (3x3 or 5x5).

Figura 9.2

|
oig

Prima riga: esempi
di elementi strutturanti.

e B . .
- | Seconda riga: elementi
= "“f_ strutturanti trasformati
E B in matrici rettangolari.
= | BN | punti indicano i centri

| — } degli SE.

e . . [ ]

HEED

«\"""’MQ . .
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Figura 9.3

.

HON
B
(a) (b)
L ]
(c) (d) (e)

(a) Un insieme (ogni quadrato ombreggiato € un membro dell’insieme). (b) Un
elemento strutturante. (c) L'insieme riempito con elementi di sfondo per formare
una matrice rettangolare rispetto allo sfondo. (d) Elemento strutturante come ma-
trice rettangolare. (e) Insieme elaborato da un elemento strutturante.
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Dilatation

Expands objects

/A A

A®B=\|B], "nAzD(=)z||B), "nAcCA

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.
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Example of Dilation

R Historically, certain computer Historically, certain computer S
programs were written using programs were written using
only two digits rather than only two digits rather than
four to define the applicable four to define the applicable
year. Accordingly, the year. Accordingly, the

company's software may company's software may
recognize a date using "00" recognize a date using 00"
as 1900 rather than the year as 1900 rather than the year
2000. 2000.

= ca

01110

01110

(b)
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Applications:
Filling
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Example of Dilation
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Example of Dilation

ones(3,3)
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Erosion

AG®B = iZ|(B), = A

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.
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Example of Erosion
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Example of Erosion
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Example of Erosion
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Example of Erosion

11 pixels (Diameter>
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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
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Opening

Opening(A,B)=A © B=(A®B) ® B= U { (8,)| (8,) cA )

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.
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Opening

8= -J'HB:':“B:':; A}

A ’

|
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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.
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Closing

Closing(A,B)= AeB=(A®B)® B

An expansion followed by erosion using the same structural element. The effect of closing is
to close any internal holes.
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Closing
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A-B=(AOB OB

Examples

—————————————————————————————

-
—
' = = :

T e A B=(AGB)SB
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Expansion and erosion operations can be used in conjunction to achieve other
operations. For example:

OPENING

. %

Tva,

CLOSING
Z\%N\/
QQ_;’ Universita
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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
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Opening/Closing: Noise Reduction

Erosion _
l ]‘Openlng
Dilatatio

Dilatatio _
l }Clésmg
Erosion__

(AcB)&@B=4-8

(A B)$ B [((A-B)®&B]6B=(A°B)-B
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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.

g=(®b)-(fODb)

* Binary images

* Grayscale images
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Python and OpenCV
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Python and OpenCV

Example with black and white image

import cv2

import numpy as np

img = cv2.imread("image.jpg",0)
plt.imshow(img, cmap="gray")

<matplotlib.image.AxesImage at ©x2ca4b9ac520>
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Python and OpenCV

Example with black and white image

(thresh, im_bw) = cv2.threshold(img, 128, 255, cv2.THRESH_BINARY | cv2.THRESH_OTSU)
plt.imshow(im_bw, cmap="gray")

<matplotlib.image.AxesImage at Ox2cadcadbd30>
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Python and OpenCV

Example with black and white image

kernel = np.ones((3,3),np.uint8)
dilation = cv2.dilate(im_bw, kernel, iterations = 1)
plt.imshow(dilation, cmap="gray")

<matplotlib.image.AxesImage at 0x2ca4d9b43de>
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erosion = cv2.erode(im_bw, kernel, iterations = 1)
plt.imshow(erosion, cmap="gray")

<matplotlib.image.AxesImage at 0x2cad4da30340>
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Python and OpenCV

Example with black and white image

0

250

500

750

1000

1250

1500

1750

0

250 500 750 1000 1250 1500 1750

N

Tva,

ND
9‘ 0@
&
z
A
3 Q‘J :
e >
Q ~
K »
raza

Universita
di Catania



Dilate and Erode
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Python and OpenCV

Example with black and white image

edge =

dilation - erosion
plt.imshow(edge, cmap="gray")

<matplotlib.image.AxesImage at ©x2cad4da5b520>
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Python and OpenCV

Example with image

kernel = np.ones((3,3),np.uint8)
dilation = cv2.dilate(img, kernel, iterations = 1)
plt.imshow(dilation, cmap="gray")

<matplotlib.image.AxesImage at Ox2cade2d8dfo>
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Python and OpenCV

Example with image

erosion = cv2.erode(img, kernel, iterations = 1)
plt.imshow(erosion, cmap="gray")

<matplotlib.image.AxesImage at Ox2caddd3cebo>
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Dilate and Erode
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Python and OpenCV

Example with image

edge = dilation - erosion
plt.imshow(edge, cmap="gray")

<matplotlib.image.AxesImage at 0x2ca4e®bcl90>
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B&W Vs Gray scale
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Edge extraction
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Edge extraction
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Edge extraction

Contorni di A si ottiene facendo A- (A ® B)
Python:

edge = img - erosion
: \Mt Universita
m SN \\‘ di Catania

434




200

400

600 -

800

1000

1200 A

0 2'50 5(;0 75;0 10'00 400 75‘0 lObO IZISO 15'00 17'50
600
800
1000
1200
O 0 250 500
\j N Luca Guarnera

750 1000

and Detection Approaches

1250 1500 1750

‘QR
LN \\/

Universita
di Catania



| — dilation ?

— —

(VPIvy,
An introduction on Deepfakes Creation > % . se )
\j X Luca Guarnera 4D on A P H ) VQQ_/% U_nl\/er5|t.a
and Detection Approaches /uﬂ”\ 5, ; di Catania

* 1438



200 200

400 400

600 - 600 -

800 800
1000 -
1200 - rEa
T

0 250 500 750 1000 4001 . 750 1000 1250 1500 1750

600 1%

c.._- [ .; ot oo, Ly -:- ';-_ y T
0 250 500 750 1000 1250 1500 1750 LI Uni ..
Luca Guarnera _ . QR @ Yniversita
and Detection Approaches f”/\ 5 ‘../;a di Catania

* 1438



Laplacian

Un’alternativa al gradiente morfologico e I’operatore laplaciano che tende a formare contorni
chiusi.

L=(f ®b)+(f ©b) - 2f

v Immagini binarie
v Immagini a scala di grigio
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Python and OpenCV
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Python and OpenCV

Example with Gray scale image

import numpy as np
img2 = cv2.imread("simpson.jpg",0)
plt.imshow(img2, cmap="gray")

<matplotlib.image.AxesImage at ©x2ca52ade7a0>

100

Input

150

200

250

300

350

0 100 200 300 400 500 600

An introduction on Deepfakes Creation it s : (e
Luca Guarnera d Detection A P . N iQQ./ U_nlversrga
and Detection Approaches PR 5 di Catania

Famen FErrEsua LReRaT e




Python and OpenCV

Example with Gray scale image

kernel = np.ones((15,15),np.uint8)
dilation = cv2.dilate(img2, kernel, iterations = 1)
plt.imshow(dilation, cmap="gray")

<matplotlib.image.AxesImage at ©x2ca55270e80>
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Python and OpenCV

Example with Gray scale image

erosion = cv2.erode(img2, kernel, iterations = 1)

plt.imshow(erosion, cmap="gray")

<matplotlib.image.AxesImage at ©x2ca552e35e0>
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Python and OpenCV

Example with Gray scale image

#Edge9
edge = dilation + erosion - 2*img2
plt.imshow(edge, cmap="gray")

<matplotlib.image.AxesImage at ©x2ca55578310>
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Black and White
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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.

K
S(A) = U S.(A) conS.(A)=(AOKkB) —(AQkB)oB
k=0

v'Binary image
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import cv2
import numpy as np

img = cv2.imread('image.jpg',0)

size = np.size(img)
skel = np.zeros(img.shape,np.uint8)
ret,img = cv2.threshold(img,127,255,0)

element = cv2.getStructuringElement(cv2.MORPH_CROSS, (3,3))
print("Element ", element)
done = False

while( not done):
eroded = cv2.erode(img,element)
temp = cv2.dilate(eroded,element)
temp = cv2.subtract(img,temp)
skel cv2.bitwise or(skel,temp)
img = eroded.copy()

zeros = size - cv2.countNonZero(img)
if zeros==size:
done = True

plt.imshow(skel, cmap="gray")
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Skeletonization
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self.name2index dict(zip(se, ..‘«
self.ndims - ndims

self. featurefile 0S.path. join(datadir, “feature.bin")
“[BigFile] %d features, %d dimensions"
b binary: %s" % self.featurefile
o txt: %s" o idfile

def read(self, requested, isname
°

(len(self.names), self.ndims
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Bridge

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

v’ Binary images

ESEMPIO ol diventa =T




Bridge




Clean

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

v' Binary images ESEMPIO
0({0(O
o|1]o0
0({0(O




Clean




Pixel Filling

This operation allows isolated pixels located within a binary image

to be filled.

v" Binary images

1111

ESEMPIO |[1|0]1
111

/A = imread ('pixel.jpg");

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




Pixel Filling




Morphological Operators
for Gray-Scale Images
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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.
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Dilatation

(f ®b)(s,t) =max{f(s-x, t-y) + b(x,y)| (s-x)eD;,(t-y)eD;,(X,y) e D, }

* where D, D, 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.
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Erosion

(f ®b)(s,t) =min{f(s + x,t +vy) — b(x,y¥)] (s + X)eD,,(t + y)eD,,(x,y) eD,}

* where D¢, D, 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.
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Examples

— Smoothing: g=((f°b)eb)
— Gradient: g=(/®b)—(/0Ob)
— Laplacian: g =(/®b)+(f0b)-2f
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