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Digital Image Processing
Module 4- Part 3
Morphological Image Processing

What are Morphological Operations?

Morphological operations come from the word “morphing”

in Biology which means “changing a shape”.

e = PP

Image morphological operations are used to manipulate
object shapes such as thinning, thickening, and filling.

Binary morphological operations are derived from
set operations.

Set theory (cont.)

= Explicit expression of a set
® A=28,)
@ A:{element\ condition forsetelements}

= Example:
C = {ww=—d, ford e D}

» Morphological Image Processing:
Preliminaries, Erosion and Dilation, Opening
and Closing, The Hit-or-Miss Transforms,
Some Basic Morphological Algorithms.

* [Text: Chapter 9: Sections 9.1 to 9.5]

* Preliminaries — set theory

= A be asetin 22,
=a=(a, a,)isanelementof A. a€ A
= aisnotanelementof A ag A

= Null (empty) set: &

* Set operations

= Ais a subset of B: every element of A is an element
of anothersetB A — B

= Union C=AuUB
= Intersection C=ANB

= Mutually exclusive A~NB= ¢



i Graphical examples

B

AUB ANB

Basic Set Operations

i Graphical examples (cont.)
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A = {ww e A} A-B={wweAweB}

(AY

Ac°= point which does not belong to set A,

Translation and Reflection Operations

Concept of a set in binary image morphology:
Each set may represent one object. Each pixel (x,y) has
its status: belong to a set or not belong to a set.

b ¢

lL\ e
N FIGURE 9.1
. N () Two sels A
A Y B and !

(images from Rafael C. Gonzalez and Richard €.
Wood, Digital Image Processing, 2% Edition

Logical Operations*

Translation

Reflection

(A),=lc=a+z foracA} B={ww=-b, forbeB}

Z=(21,2y)

o,

P q 2 AND g (also p - q) pORg (alsop + q) NOT (p) (also p)

0 0 0 0 1
0 1 0 1 1
1 0 0 1 0
1 1 1 1 0

A) XOR (1]

iy

[NOT (A} AND (A}

*For binary images only
1

(Images from Rafael C. Gonzalez and Richard .
Wood. Digital Image Processing, 2% Edition

Two basic operations
« Dilation
+ Erosion

And several composite relations
* Closing and opening
* Thinning and thickening
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Erosion shrinks the
connected sets of 1s
of a binary image.

It can be used for:
« Shrinking features

« Removing bridges,
branches, protrusions

- Growing features

connected sets of 1s
of a binary image. . .
It can be used for:

« Filling holes and gaps

Structuring Element (Kernel)

Structuring Elements can have varying sizes
» Usually, element values are 0,1 and none(!)
Structural Elements have an origin

Dilation & Erosion

« Basic operations

« For thinning, other values are possible « Are dual to each other:
» Empty spots in the Structuring Elements are don 't — Erosion shrinks foreground, enlarges
care’s! e T . Background
1 @) L 1 @)
Box — [1 |11 B EEEEE 1 0
O EE — Dilation enlarges foreground, shrinks
Dise~ @] [Lifi] background
1 111 111
Examples of stucturing elements 11-Nov19 16

DILATION

11/11/2019 ’ _



Example: Dilation

« Dilation is an important morphological
operation

« Applied Structuring Element:

1 1 1 Setef cosrdnale paints =

[P PR R N PR
1 1 1
(1,00 10.0) (10

11-Nov-19 1 1 1 [RE TR TN{ININ] 19

Example for Dilation

Input image |1 ‘0 ‘O ‘0 ‘1 ‘1 ‘1 ‘0 ‘1 ‘1 |

Structuring Element

Output Image | ‘ 1 ‘

Output Image | ‘ 1 ‘0 ‘

11-Nov-19 21

Example for Dilation

Input image |1 ‘0 ‘0 ‘0 ‘1 ‘1 ‘1 ‘0 ‘1 ‘1 |

L 2
Structuring Element

Output Image | ‘1 ‘O ‘1 ‘ ‘ ‘ ‘ ‘ ‘

11-Nov-19 23
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Dilation

« Dilation is the set of all points in the image, where

the structuring element “touches” the foreground.

» Consider each pixel in the input image

— If the structuring element touches the foreground
image, write a “1” at the origin of the structuring
element!

* Input:

— Binary Image
— Structuring Element, containing only 1s!!

11-Nov-19 20

Example for Dilation

Input image |1 ‘O ‘0 ‘0 ‘1 ‘1 ‘1 ‘O ‘1 ‘1 |

Structuring Element

!

11-Nov-19 22

Example for Dilation

Input image |1 ‘0 ‘0 ‘0 ‘1 ‘1 ‘1 ‘0 ‘1 ‘1 |

Structuring Element

!

Output Image | ‘1 ‘0 ‘1 ‘1 ‘ ‘ ‘ ‘ ‘ |

11-Nov-19 24



Example for Dilation

Input image |1 ‘O ‘0 ‘0 ‘1 ‘l ‘1 ‘O ‘l ‘1 |

3
!

Output Image | ‘1 ‘O ‘l ‘1 ‘l ‘

Structuring Element

11-Nov-19 25

Example for Dilation

Input image |1 ‘O ‘O ‘0 ‘1 ‘l ‘1 ‘O ‘l ‘1 |

!

Output Image | ‘l ‘O ‘l ‘l ‘1 ‘l ‘l ‘

Structuring Element

11-Nov-19 27

Another Dilation Example

-

+ Image get lighter, more uniform intensity

11-Nov-19 29

11-11-2019

Example for Dilation

Input image |1 ‘O ‘0 ‘0 ‘1 ‘1 ‘1 ‘O ‘1 ‘1 |

L 2
!

Output Image | ‘1 ‘0 ‘1 ‘1 ‘l ‘1 ‘

Structuring Element

11-Nov-19 26

Example for Dilation

Input image |1 ‘O ‘0 ‘O ‘1 ‘1 ‘1 ‘O ‘1 ‘1 |

!

Output Image | ‘1 ‘0 ‘l ‘1 ‘l ‘l ‘1 ‘l ‘ |

Structuring Element

11-Nov-19 28

Dilation on Gray Value Images

» View gray value images as a stack of binary
images!

Width of dilating kemel: <

Intensity Intensity

DAY

X Coordinate X Goordinate

11-Nov-19 30



Dilation on Gray Value Images

« More uniform intensity

11-Nov-19 31
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Edge Detection

Edge Detection

Dilate input image

Subtract input image from dilated image
. Edges remain!

32

11-Nov-19

wnh e

Dilation Operations

DILATION

« EXPANDS THE CONNECTED SET OF
1’S OF A BINARY IMAGE

Dilation Operations (cont.)

A®B={7B), N A= g}

) ; ; ¢ = Empty set
a l%.“ Dilate means “extend”
B=p ; ‘
A : A®B
i A = Object to be dilated
. an B = Structuring element
) - 3
AeB 34

Dilation Operations (cont.)

Reflection B

=) )

TTT
1T
T
I 1T

Structuring T T
Element (B) %::i 2=
o T INEn}
AR HAT
Emm % T
T H:H
H:H aaEaEs
| H:_”
HAT % % S
Original image (A) o Intersect pixel m Center pixel

=

Result of Dilation Boundary of the “center pixels”
Where (3)1 intersects A



Example: Application of Dilation
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Historically, certain computer
programs were written using
only twe digits rather than
four to define the applicable
vear. Accordingly, the
company's software may

recegnize a date using "00"

2s 1900 rather than the yEzr
2000 £

g )

Historically, certain computer
programs were written using
only two digits rather than
four to define the applicable
year. Accordingly, tha
company's software may
recognize a date using "00"
as 1300 rather than the yEsr
2000. £

ea

“Repair” broken characters

(imaq

c
b

FIGURE 9.5
text of

37

ges from Rafael C. Gonzalez and Richard E.
n

Wood, Digital Image Processing, 2% Edito

EROSION

11/11/2019 38

Erosion

+ Erosion is the set of all points in the image, where
the structuring element “fits into”.
» Consider each foreground pixel in the input image

— If the structuring element fits in, write a “1” at the
origin of the structuring element!

+ Simple application of pattern matching
* Input:

— Binary Image (Gray value)

— Structuring Element, containing only 1s!

11-Nov-19 40

Another example of erosion

-

» White = 0, black = 1, dual property, image
1852 result of erosion gets darker

41

Erosion on Gray Value Images

» View gray value images as a stack of binary
images!
Width of eroding kernel: ==

Intensity Intensity

X Goordinate X Goordinate

11-Nov-19 42
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Erosion on Gray Value Images Counting Coins

E—— |
-»f |

* Images get darker!

« Counting coins is difficult because they
touch each other!

« Solution: Binarization and Erosion
separates them!

11-Nov-19 43 11-Nov-19 44
Erosion Operation Erosion Operations (cont.)
ASB={7(B), c A}
Structuring

Element (B)

Erosion means “trim”

o |ap

I
I
I

£

A = Object to be eroded
B = Structuring element juzzmnn
s - B Original image (A) g intersect pixel  m Center pixel

T
I
Il
1N

45 46
(images from Rafael C. Gonzalez and Richard €.
Wood, Digital Image Processing, 2% Edition

Erosion Operations (cont.) Example: Application of Dilation and Erosion

711
T

abe

FIGURE 9.7 () Image of squares af size 1,3,5, 7,9, and 15 pixels on the side. (b Erosion of (1) with a square
structuring clement of 15, 13 pixels on the side. () Dilation of (b) with the same structuring clement

1T

=

T
T

T T

H Remove small objects such as noise

T

Il

T

Result of Erosion
esult ot £rosio Boundary of the “center pixels”
where B is inside A a7 48

(Images from Rafasl C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2% Editon.



Duality Between Dilation and Erosion
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(AGB)F = A @B

where ¢ = complement
Proof:

Opening & Closing

« Important operations

« Derived from the fundamental operations
— Dilatation
— Erosion

« Usually applied to binary images, but gray

= {Z (B), N A" 2 ¢} value images are also possible
=A®B + Opening and closing are dual operations
Opening

OPENING

11/11/2019 5t

« Similar to Erosion
— Spot and noise removal
— Less destructive
 Erosion next dilation
« the same structuring element for both operations.
* Input:
— Binary Image
— Structuring Element, containing only 1s!

11-Nov-19 52

Opening

« Take the structuring element (SE) and slide it
around inside each foreground region.
— All pixels which can be covered by the SE with the SE
being entirely within the foreground region will be
preserved.

— All foreground pixels which can not be reached by the
structuring element without lapping over the edge of
the foreground object will be eroded away!

» Opening is idempotent: Repeated application has
no further effects!

11-Nov-19 53

Opening

« Structuring element: 3x3 square

11-Nov-19 54
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Opening Example

» Opening with a 11 pixel diameter disc

11-Nov-19 55

Opening Example

+ 3x9 and 9x3 Structuring Element

an —
8-

11-Nov-19 56

Opening on Gray Value Images

» 5x5 square structuring element

11-Nov-19 57

Opening Operation

Use Opening for Separating
Blobs

 Use large structuring element that fits into
the big blobs

« Structuring Element: 11 pixel disc

o -
p coa M
e
58

11-Nov-19

Example of Opening

A-B=(ASB)®B
or
A-B=U{(B),(B), < A}
= Combination of all parts of A that can completely contain B

A A B = U{(B):|(B).C A}

Translates of B in A
OF

Opening eliminates narrow and small details and corners. w

(Images from Rafael C. Gonzalez and Richard .
Wood. Digital Image Processing, 2% Edition

A-B=(ASB)&B

10
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Closing

» Similar to Dilation

Removal of holes
— Tends to enlarge regions, shrink background

« Closing is defined as a Dilatation, followed by an
Erosion using the same structuring element for
both operations.

« Dilation next erosion!

e Input:
— Binary Image
— Structuring Element, containing only 1s!
11/11/2019 61 11-Nov-19 62
Closing _
Closing
+ Take the structuring element (SE) and slide it around outside
each foreground region. . )
— All background pixels which can be covered by the SE with + Structuring element: 3x3 square
the SE being entirely within the background region will be
preserved.

— All background pixels which can not be reached by the
structuring element without lapping over the edge of the
foreground object will be turned into a foreground.

» Opening is idempotent: Repeated application has no further

effects!
Closing Example Closing Example 1
« Closing operation with a 22 pixel disc 1. Threshold
* Closes small holes in the foreground 2. Closing with disc of size 20

- ,

11-Nov-19

65 11-Nov-19 ThreShOldEd ClosedSG

11
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Closing Example 2 :
g P Closing Gray Value Images
 Good for further processing: E.g. Skeleton

operation looks better for closed image! * 5x5 square structuring element

SKEIEoN 0 skeleton of Thresholded and
Thresholded next closed ¢ Hnovao ;

Closing Operation
AeB=(A®B) ©B

Opening & Closing

 Opening is the dual of closing Q /
\ /
* i.e. opening the foreground pixels with a Q
particular structuring element A \

* is equivalent to closing the background
pixels with the same element.

Closing fills narrow gaps and notches

70
(1mages from Rafael C. Gonzalez and Richard E.
Wood, Digitl Image Processing, 2% Editon.

11-Nov-19 69

Example of Closing Duality Between Opening and Closing
EHE (A. B)c : (AC O B)
4 Properties Opening
U 1. AcBcC A
2. If CcD then CoBcDoB

I 3. (A°B)oB=A<B,

ASBB n o
,,,,,,,,,,,,,,,,,,,,,,,,,,,, Properties Closing \
L | ] 1. ACAeB
A= m 2. If CcD then CeB\cDeB
R Horemensd : AB=(AS RSB 3. (AOB)OB=AOB

71 72
Idem potent property: can’t change any more

12



Example: Application of Morphological Operations
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A B
N\

Finger print
enhancement

//7»\\\\

J(aeB)

B=A'B

)@ B (A-B)SB|CB=(AB)-B

HIT and
MISS

11/11/2019 74

Hit-and-miss Transform

Used to look for particular patterns of
foreground and background pixels

Very simple object recognition
All other morphological operations can be
derived from it!!
* Input:
— Binary Image
Structuring Element, containing Os and 1s!!

11-Nov-19

Hit-and-miss Transform

» Example for a Hit-and-miss Structuring Element
+ Contains 0s, 1s and don 't care’s.
* Usually a “1” at the origin!

1

0 1 1

0 0

11-Nov-19 76

Hit-and-miss Transform

« Similar to Pattern Matching:

« If foreground and background pixels in the
structuring element exactly match
foreground and background pixels in the
image, then the pixel underneath the origin
of the structuring element is set to the

foreground color.

11-Nov-19 7

Corner Detection with Hit-and-
miss Transform

« Structuring Elements representing four
corners

1 1 ¢ (o oo

o1 v | [v]r o] |1v |1 |0 o1 |1

oo [ 1 1

11-Nov-19 78

13
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Hit-or-Miss Transformation

Corner Detection with Hit-and-
miss Transform

» Apply each Structuring Element

» Use OR operation to combine the four
results

11-Nov-19 79

Hit-or-Miss Transformation (cont.)

A @X =(AS X)n[A e w-X)]

where X = shape to be detected
W = window that can contain X

80
(Images from Rafas! C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2% Editon.

Boundary Extraction

A@B=(A© B)n[A & W-X)]

(Images fiom Rafael C.
Gonzalezha Richard £
Wood, Digital Image
Processing, 2% Edition.

Region Filling

Original
image

p4)=A-(A ©B)

£

Origin

ASB B(A)

Boundary

Images from Rafacl C.
Gonzale#ha Richard E.
Wood, Digial Image
Processing, 2% Edition.

Extraction of Connected Components

X, =(X,,®B)NA°

HHH FEEEEEH :
H ] where X, = seed pixel p
1T .
EE E o
A e
A A B
1 1 T
1 T
X ¥, X
| ‘ | Original Results of region filling
= H FHH image
I [T I EEn
IH 1 NN
X X; X A (Images from Rafael C. Gonzalez and Richard E.

Wood. Digital Image Processing, 2% Edition

X, =(X,,®B)NA  where X, = seed pixel p

E()rig‘m

= 1
77”\ | H Ll
[ 1 A [TTT
Xg=p

84
(Images from Rafasl C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2% Editon.
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Example: Extraction of Connected Components
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X-ray image
of bones

Thresholded
image

Connected
components

(Images from Rafael C.
Gonzalez and

Woot Image
Processing, 27 Editon.

a
bcd
fg

FIGURE 9.17 F

con
11/11) region of the

Some Basic Morphological Algorithms (3)

 Extraction of Connected Components

Central to many automated image analysis applications.
X, =(X, ,®#B)nA
B : structuring element

until X, = X,

11/11/2019 86

b

cd
FIGURE 9.18
(a) X-ray image

Germa
1 1 wwwnthxray.com.)

11/11/2019 88

Some Basic Morphological Algorithms (4)

Convex Hull

A set A is said to be convex if the straight line segment
joining any two points in A lies entirely within A.

The convex hull H or of an arbitrary set S is the smallest
convex set containing S.

11/11/2019
NEW MEXICO TECH

Some Basic Morphological Algorithms (4)

sLdtenviex Hull 3, 4, represent the four structuring elements.
The procedure consists of implementing the equation:
Xi =(X,,®B)UA
i=1,2,34 and k=1,2,3,...
with X} = A
When the procedure converges, or X! = X! ,let D' = X|,
the convex hull of A is

.
C(A)=uD'

11/11/2019 90
NEW MEXICO TECH

15



FIGURE 9.19
(a) Structuring
elements. (b) Set
A. (€)-(1) Results
of convergence

. with the

' structuring
elements shown
in(a). (g) Convex
hull. (h) Convex
hull showing the
contribution of
each structuring

11-11-2019

FIGURE 9.20
Result of limiting
growth of the
convex hull
algorithm to the
maximum
dimensions of the
original set of
points along the

. ) - clement. vertical and
" * ! horizontal
directions.
e
b
u
11/11/201 " 91 11/11/2019 92
Convex Hull Example: Convex Hull
Convex hull has no concave part.
Convex hull ! !
T [
Xi-4 v x
Algorithm: Y where D' = X! : i w
C(A) = U D — Meonv ]1 I\
i=1
i i o
X! =(X,®B)UA i=1234 S

x| X x| x B ®p

o x L3 £ k4 ® %8

EIE HEE =[x s

" —
Bl B B B (e Pt oo it e

Basic
THINNING

11/11/2019 95

Thinning

1. Used to remove selected foreground pixels
from binary images

2. After edge detection, lines are often
thicker than one pixel.

3. Thinning can be used to thin those line to
one pixel width.

11-Nov-19 96
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Definition of Thinning

» Let K be a kernel and I be an image

thin (1, K)= 1 — HitAndMiss (I,K)
with 0-1=0!!
« |f foreground and background fit the structuring

element exactly, then the pixel at the origin of the
SEissetto 0

» Note that the value of the SE at the origin is 1 or

don’t care!
11-Nov-19

Example Thinning

We use two Hit-
and-miss
Transforms

11-Nov-19 98

Basic
THICKENING

11/11/2019 99

Thickening

 Used to grow selected regions of
foreground pixels

« E.g. applications like approximation of
convex hull

11-Nov-19 100

Definition Thickening

» Let K be a kernel and | be an image

thicken (1, K)= I +HitAndMiss (I, K)

with 1+1=1
« If foreground and background match exactly the
SE, then set the pixel at its origin to 1!

» Note that the value of the SE at the origin is 0 or
don’t care!

11-Nov-19 101

Example Thickening

11-Nov-19 102
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Thinning

Example: Thinning
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A®B=A-(A®B)
=An(A®B)°

A®{B}=((.(A®B")®B?)..)®B")

Origin

(images from Rafeel C. Gonzalez and Richard €.
Wood, Digital Image Processing, 2% Edition

Thickening

Origin
EEEEEEEE
=g
=00
8 s B w B 3 s a
Origin
ﬁ T
|m| T
|m| T
LT 11
A Azg Azl
1]
T
1T
T
Azp Az g Az
T
T
|
Azp Aeg™ Az gt

Skeletons

A gLSsIRIZS

Make an object

, _— thinner.

(e fom el
om0 Fichard £
oo, i g

Pr g,

i

vvvvvvv

A®B=AU(A®B)
A®{B}=((..(A®B") ®B?)..) ®B")

Make an object thicker

(images from Rafas
Wood, Digital Image.

Skeletons (cont.)

Skeletons

Dot lines are
skeletons of this
structure

106

(1mages from Rafael C. Gonzalez and Richard E.
Wood, Digitl Image Processing, 2% Edition.

s(A) =QSK(A)
with  S,(A)=(A©KB)—(ASKB)B

where (Ae kB)=(..(AeB)eB)e..) ©B

k times

and K =maxk|(A © kB)= ¢}

107

&

(ACKB)

B

Sild)

F
Gsi0a)
8

Si(A) S kB

x
lLl!.M] k|

AckB

i

[mi

0

ol

:
%

HEE | B

B | B | B

01
e | B | B

18



Pruning

Example: Pruning

11-11-2019

X, = A®{B}

~><
|

= thinning

8
= (X, ® B*) = finding end points
k=1

X;=(X,®H)N A =dilation at end points

X, =X, UX; =Pruned result

Original

@ BB, B, B (rotated 90°)

image

@ B, B, B, B (rotated 90°)

After

Thinning

End

B', B2, B*, B* (rotated 90°)

B, B, B, B (rotated 90%)

109

(images from Rafeel C. Gonzalez and Richard €.
Wood, Digital Image Processing, 2% Edition

Summary of Binary Morphological Operations

3 times

Dilation

of end

points

points

Pruned
result

Summary of Binary Morphological Operations (cont.)

TABLE 9.2
Summary of
morphological
operations and
their properties.

(Tables from Rafael C.

Operation

Equation

Comments
(The Roman aumerals refer to the
srocturing clemests sown
Fig 926).

Translation
Reflection
Complement
Difference
Dilation
Erosion

Opening

Closing

(A):

B = {wjw=-b forbc B}

{wiw=a+z foras A}

A = {w|wz A}

A-B

{wlwe Awe BY
- AN B

{zI(B).n 4 # 2}

= {z1(B). © A}
(AeB) 0B
(ADB)OB

“Translates the origin
of A to point z.

Reflects all elements
of B about the origin
of this set

Set of points not in A

Set of points that belong
10 A but not to B.

“Expands” the boundary
of A (1)

“Contracts” the boundary
of Al

Smoathes contours,
breaks narrow isthmuses.
and eliminates small
islands and sharp
peaks. (1)

Smoothes contours. fuses
narrow bre d long
thin gulfs. and climings
small holes. (1)

Hit-or-miss
transform

Boundary
extraction

Region filling

Connected
components

Convex hull

AGB=(AOR)N(AOB)

=(A2B) - (AGB)

X, - (X, @B)N AKX, = pand
k=123

= (X, @ B)N A X, = pand
2.3,

Xi= (XL, @B)U A
k=123, X - A

The set of points
(coordinates) at which,
simultancously, B, found
amatch (“hit”) in A and
B found a match in A"

Set of points on the
boundary of
set A, (1)

Fills a region in A, given a
point p in the region. (11}

Finds a connected
component ¥in A, given
apoint pin ¥.(1)

Finds the convex hull €{A)
of set A, where “conv™
indicates convergence
i the sense that
Xio= XLy

(Tables from Rafael C.
‘Gonzalez and Richard E.
Wood, Digital Image

112

Processing, 2% Editon.

Summary of Binary Morphological Operations (cont.)

Processing, 2% Edition.

Summary of Binary Morphological Operations (cont.)

G| W02
(The Roman numerals refer to the i
> morphological
st i ’"““'"*;:;";"“"‘”’“" results and their
e Lot prog
Thinning A®B=A- (A®B) Thins set A. The first two (continued)
AN (A® By equations give the basic
definition of thinning
A® (B} The last two equations
((..(a2B)2B).. )28B) denote thinning by a
(B} = {B.BLB.....B} sequence of structuring
clements This method
is normally used in
()
Thickening ~ A©B =~ AU(A®B) ns sel A. (See
preceding comments on
A© (B} sequences of structuring
(- (ACB)OB...) o B7) clements.) Uses IV with
0's and 1's reversed.
o R 13

Wood, Digital Image
Processing, 27 Editon.

Skeletons S(A) © USidA)
o

«
[(a=kB) - B}
Reconstruction of A

A= Ulisiarans)

Pruning X, = A2 {B}

X - U6 @ B)
=

X - (LOH)NA

X=X UX,

sela) = Ufas k)

Finds the skeleton () of

set A, The last equation
indicates that A can be
reconstructed from its
skeleton subsets 8,(A).
T all three equations, K is
the value of the ifer
stepafter which the sef
erodes o the empty set
The notation (A S kB)
denotes the ki iter
of suceessive erosion of
Aby B.l)

X, is the result of pruning
set A, The number of
times that the first

specified. Structuring
elements V are sed for
Wo equ

the ons.
In the third equation H
denotes structuring
clement

(Tables frony Rafeel C.
Gonzaldelha Richard
Wood, Digial Image
Processing, 27 Editon.
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Basic Types of Structuring Elements

11-11-2019

Gray-Scale Dilation

1-DCase  f@b=max{f(s—x)+b(x)|(s-x)eD, and xeD,}

2-D Case
I B m B f®b=max{f(S—X,t—YHb(X,Y)l(S—X)'(t—Y)EDf:(X,Y)EDb}
X |x .
w| Bi=1,234 [F05 Bi=12..8 N
< [x] (rotate 90°) (rotate 457) /
101 v 7 ‘
4 AN i .
x
Bi=1234 Bi=5678 o1
= (rotate 907) (rotate 90°) P : ' ANl
: P PN
s1(8) + b = ] VIR
v , VAR VAN
x = don’t care sel--f N N
ATI E 1: g J’J > . 116
(Images from Rafael C. Gonzalez and Richard E. o : (Images from Rafael C. Gonzalez and Richard .
e gl a2 e o g o o g
Gray-Scale Dilation (cont.) Gray-Scale Erosion
Original image . Reflection 1-D Case fOb= min{f (s+X)—b(x)|(s+x)eD, and xe Dn}
Subimage of B 2.D Case

__:%: +E@j

H_/

fOb=min{f (s+x,t+y)=b(x,y)|(s+X),(t+y) € D;;(x y) € D, }

Max At
A SN
Moving / \\
i /
window / Nt
E%] Structuring
element B
Note: B can be any shape and
subimage must have
the same shape as
reflection of B. Output image P
e, e 1mage rocei. 2+ et
Gray-Scale Erosion (cont.) Example: Gray-Scale Dilation and Erosion
Original image Original image After dilation
Subimage B . i, A

N

Min

Moving
window

E%j Structuring
element B
Note: B can be any shape and

subimage must have
the same shape as B.

Output image

%

’ 4‘
arker ———§ l :
- 2 "\'/“‘

Brighter

120
(Images from Rafasl C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2 Editon.

1)
After erosion
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Gray-Scale Opening

11-11-2019

Gray-Scale Closing

fob=(fob)®b

Opening cuts peaks

121
(Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2% Edition

Example: Gray-Scale Opening and Closing

feb=(f ®b)ob

Closing fills valleys
122

Images from Rafas! C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2% Editon.

Gray-scale Morphological Smoothing

After opening After cloging

/

Reduce dark
objects

Original image

Reduce white
objects

123

(images from Rafael C. Gonzalez and Richard €.
Wood, Digital Image Processing, 2% Edition

Morphological Gradient

Original image After smoothing
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(1mages from Rafael C. Gonzalez and Richard E.
Wood, Digitl Image Processing, 2% Editon.

Top-Hat Transformation

g=(f ®b)—(fob)

Mophologica Gradient

Original image

125

(Images from Rafael C. Gonzalez and Richard .
Wood, Digital Image Processing, 2% Edition

h=f—(f ob)

) &
Results of top-hat transform

Original image

126
(Images from Rafasl C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2 Editon.

21



Example: Texture Segmentation Application

11-11-2019

Example: Granulometry

Small
blob

Original image Segmented result

Large blob

Algorithm:

1. Perform closing on the image by using successively larger
structuring elements until small blobs are vanished.

2. Perform opening to join large blobs together

3. Perform intensity thresholding 127

(Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2% Edition

Morphological Watershads

Objective: to count the number of particles of each size

Method:

1. Perform opening using structuring elements of increasing size

2. Compute the difference between the original image and the result
after each opening operation

3. The differenced image obtained in Step 2 are normalized and used
to construct the size-distribution graph.

I “llllllll“l]lhlml".l‘

S— Size distribution
128
Original image graph (imes from el G vt Fichard &
o, it 1nge rocei. 3+ o

Morphological Watershads

129
(images from Rafael C. Gonzalez and Richard €.
Wood, Digital Image Processing, 2% Edition

Morphological Watershads

1«
D

MM s
‘ < Mines de Parix)

130
(1mages from Rafael C. Gonzalez and Richard E.
Wood, Digitl Image Processing, 2% Editon.

Gradient Image

131

(Images from Rafael C. Gonzalez and Richard .
Wood, Digital Image Processing, 2% Edition

Surface of |VP|

Original
image

[VP| at edges look
like mountain ridges.

132
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Morphological Watershads Morphological Watershads

Wy ab
cd FIGURE 10.47
FIGURE 10.46 (@) Electrophoresis

() Image of
blobs. (b) Image
eradient

(c) Watershed

image. (b) Result
of applying the
watershed
segmentation
ines. e
(d) Watershed
superimposed on

onginal image.
(Courtesy of Dr.

dent.
(Courtesy of Dr.
S. Beucher,
MM/Ecole des

CMM/Ecole des
Mines de Paris.)

Mines de Paris)

133 134
(1mages from Rafael C. Gonzalez and Richard E. (1mages from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2% Edition Wood, Digital Image Processing, 2% Editon.

Morphological Watershads Convex Hull

ab

FIGURE 10.48
(a) Image showing

markers ma
(watershed lines). N
(b) Result of
segmentation. Note
the improvement

over Fig. 1047(b). |
(Courtesy of Dr.S. T

euche FIGURE 9.20 Resul of limitig gromth of conves hul alporiths 10 the masimun di-
Dot i ety o e it of P kg e et i G

Mines de Paris.)

135 136
(1mages from Rafael C. Gonzalez and Richard E. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2% Edition Wood, Digitl Image Processing, 2% Edition.
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