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Chapter 4:  
Morphological  

Image Processing  
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4. Morphological Image Processing (MIP) 

 Morphology: a branch of biology that deals with the form 
and structure of animals and plants. 
 

 Morphological image processing: used to extract image 
components that are useful in the representation and 
description of region shape, such as:  
– Boundaries extraction 
– Skeletons 
– Convex hull 
– Morphological filtering 
– Thinning 
– Pruning 
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4. MIP: Basic Set Theory (1) 
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4. MIP: Basic Set Theory (2) 

}   ,|{ˆ Bfor bbwwB ∈−∈=

}   ,|{)( Afor azaccA z ∈+∈=

Reflection: 

Translation: 
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4. MIP: Basic Set Theory (3) 

CuuDuongThanCong.com https://fb.com/tailieudientucntt

cu
u d

uo
ng

 th
an

 co
ng

 . c
om

http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt


Dept. of Telecomm. Eng.  
Faculty of EEE 

DIP2012 
DHT, HCMUT     6 

4. MIP: Basic Set Theory (4) 
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4. MIP: Structure Elements (1) 

 Structure elements (SE): Small sets or sub-images used to 
probe an image under study for properties of interest. 
 

origin 

CuuDuongThanCong.com https://fb.com/tailieudientucntt

cu
u d

uo
ng

 th
an

 co
ng

 . c
om

http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt


Dept. of Telecomm. Eng.  
Faculty of EEE 

DIP2012 
DHT, HCMUT     8 

4. MIP: Structure Elements (2) 

 Example: 

Origin of B visits 
every element of A 

At each location of the 
origin of B, if B is 
completely contained 
in A, then the location 
is a member of the new 
set, otherwise it is not 
a member of the new 
set. 
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4. MIP: Structure Elements (3) 
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4. MIP: Dilation (1) 

}ˆ{ ΦA)Bz|(BA z ≠∩=⊕

CuuDuongThanCong.com https://fb.com/tailieudientucntt

cu
u d

uo
ng

 th
an

 co
ng

 . c
om

http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt


Dept. of Telecomm. Eng.  
Faculty of EEE 

DIP2012 
DHT, HCMUT     11 

4. MIP: Dilation (2) 

  Example of Dilation: Bridging gaps 
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4. MIP: Erosion (1) 

}{ Az|(B)BA z ⊆=−
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4. MIP: Erosion (2) 

  Example of Erosion: Eliminating irrelevant detail 

Structuring element B = 13×13 pixels of gray level 1 
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4. MIP: Duality of Dilation and Erosion 

BABA cc ˆ)( ⊕=−

c
z

c ABzBA })(|{)( ⊆=−

BA

ABz
ABzBA

c

c
z

cc
z

c

ˆ
})(|{

})(|{)(

⊕=

Φ≠⊆=

Φ=⊆=−

CuuDuongThanCong.com https://fb.com/tailieudientucntt

cu
u d

uo
ng

 th
an

 co
ng

 . c
om

http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt


Dept. of Telecomm. Eng.  
Faculty of EEE 

DIP2012 
DHT, HCMUT     15 

4. MIP: Opening 

BBABA ⊕−= )(
})(|){( ABBBA zz ⊆∪=

Opening generally smoothes the contour of an object, breaks  
narrow isthmuses, and eliminates thin protrusions. 

CuuDuongThanCong.com https://fb.com/tailieudientucntt

cu
u d

uo
ng

 th
an

 co
ng

 . c
om

http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt


Dept. of Telecomm. Eng.  
Faculty of EEE 

DIP2012 
DHT, HCMUT     16 

4. MIP: Closing 

BBABA −⊕=• )(

Closing tends to smooth sections of contours but it generates  
fuses narrow breaks and long thin gulfs, eliminates small holes,  
and fills gaps in the contour. 
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4. MIP: Duality of Opening and Closing 

)ˆ()( BABA cc =•

Opening 
(i)   A°B is  a subset (subimage) of A 
(ii)   If C is a subset of D, then C °B is a subset of D °B 
(iii)   (A °B) °B = A °B 

Closing 
(i)   A is a subset (subimage) of A•B 
(ii)   If C is a subset of D, then C •B is a subset of D •B 
(iii)   (A •B) •B = A •B 
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4. MIP: Example of Opening & Closing (1) 
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4. MIP: Example of Opening & Closing (2) 
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4. MIP: Hit-or-Miss Transformation  

( ) ( )

if  denotes the set composed of
 and its background,the match 

(or set of matches) of  in , 
denoted ,

* c

B
D

B A
A B

A B A D A W D

∗

 = − ∩ − − 

( )

( )

1 2

1

2

1 2

          ,
         : object
         : background

( )c

B B B
B
B

A B A B A B

=

∗ = − ∩ −
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4. MIP: Boundary Extraction (1) 

)()( BAAA −−=β

Boundary extraction: The boundary of a set A, can be 
obtained by first eroding A by B and then performing the set 
difference between A and its erosion. 
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4. MIP: Boundary Extraction (2) 
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4. MIP: Hole Filling (1) 

Hole (region) filling: A hole may be defined as a background 
region surrounded by a connected border of foreground pixels. 
 

Let A denote a set whose elements are 8-connected 
boundaries, each boundary enclosing a background region 
(i.e., a hole). Given a point in each hole, the objective is to fill 
all the holes with 1s.   
 

1. Forming an array X0 of 0s (the same size as the array 
containing A), except the locations in X0 corresponding to the 
given point in each hole, which we set to 1. 

 

2. Xk = (Xk-1 + B)     Ac       k =1,2,3,… 
 

Stop the iteration if Xk = Xk-1 

 
 

   ∩
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4. MIP: Hole Filling (2) 

,...3,2,1   )( 1 =∩⊕= − kABXX c
kk
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4. MIP: Hole Filling (3) 
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4. MIP: Extraction of Connected Components (1) 

Extraction of connected components: Central to many 
automated image analysis applications. 
 

1

-1

( )
: structuring element

until 

k k

k k

X X B A
B

X X

−= + ∩

=
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4. MIP: Extraction of Connected Components (2) 
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4. MIP: Extraction of Connected Components (3) 
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4. MIP: Convex Hull (1) 

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. 
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4. MIP: Convex Hull (2) 

1

Let , 1,  2,  3,  4, represent the four structuring elements. 
The procedure consists of implementing the equation:
                        ( * )      
                     1, 2,3, 4  and  1,

i

i i
k k

B i

X X B A
i k

−

=

= ∪
= =

0

1

4

1

2,3,...
with .

When the procedure converges, or , let ,  
the convex hull of A is

                            ( )

     

i

i i i i
k k k

i

i

X A
X X D X

C A D

−

=

=

= =

= ∪

CuuDuongThanCong.com https://fb.com/tailieudientucntt

cu
u d

uo
ng

 th
an

 co
ng

 . c
om

http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt


Dept. of Telecomm. Eng.  
Faculty of EEE 

DIP2012 
DHT, HCMUT     31 

4. MIP: Convex Hull (3) 
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4. MIP: Convex Hull (4) 
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4. MIP: Thinning (1) 

( * )
          ( * )c

A B A A B
A A B

⊗ = −

= ∩

{ } { }1 2 3

-1

, , ,...,

where  is a rotated version of 

n

i i

B B B B B

B B

=

The thinning of a set A by a structuring element B, defined: 

A more useful expression for thinning A symmetrically is based  
on a sequence of structuring elements: 

1 2

The thinning of  by a sequence of structuring element { }
        { } ((...(( ) )...) )n

A B
A B A B B B⊗ = ⊗ ⊗ ⊗

CuuDuongThanCong.com https://fb.com/tailieudientucntt

cu
u d

uo
ng

 th
an

 co
ng

 . c
om

http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt


Dept. of Telecomm. Eng.  
Faculty of EEE 

DIP2012 
DHT, HCMUT     34 

4. MIP: Thinning (2) 
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4. MIP: Thickening (1) 

( )
The  is defined by the expression
     *A B A A B= ∪

thickening


1 2

The thickening of  by a sequence of structuring element { }
        { } ((...(( ) )...) )n

A B
A B A B B B=   

In practice, the usual procedure is to thin the background of the set
and then complement the result.
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4. MIP: Thickening (2) 
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4. MIP: Skeleton (1) 

A , ( ) of a set  has the following properties:
a.  if  is a point of ( ) and ( )  is the largest disk 
    centered at  and contained in , one cannot find a 
    larger disk containing ( )

z

S A A
z S A D

z A
D

skeleton

 and included in . 
    The disk ( )  is called a maximum disk.
b. The disk ( )  touches the boundary of  at two or 
    more different places.

z

z

z

A
D
D A
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4. MIP: Skeleton (2) 

K

k
k ASAS

0
)()(

=
∪=

BkBAkBAASk )()()( −−−=

})(|max{ Φ≠−= kBAkK

))((
0

kBASA k

K

k
⊕∪=

=
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4. MIP: Skeleton (3) 

0

The skeleton of  can be expressed in terms of 
erosion and openings.

                ( ) ( )

with   max{ |  };
              ( ) ( ) ( )
where   is a structuring element, and
    

K

kk

k

A

S A S A

K k A kB
S A A kB A kB B

B

φ
=

= ∪

= − ≠
= − − − 

  ( ) ((..(( ) ) ...) )
 successive erosions of .

A kB A B B B
k A

− = − − − −
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4. MIP: Skeleton (4) 

CuuDuongThanCong.com https://fb.com/tailieudientucntt

cu
u d

uo
ng

 th
an

 co
ng

 . c
om

http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt


Dept. of Telecomm. Eng.  
Faculty of EEE 

DIP2012 
DHT, HCMUT     41 

4. MIP: Skeleton (5) 

0

 can be reconstructed from the subsets by using 

                ( ( ) )

where  ( )  denotes  successive dilations of .
      ( ( ) ) ((...(( ( ) ) )... )

K

kk

k

k k

A

A S A kB

S A kB k A
S A kB S A B B B

=
= ∪ ⊕

⊕
⊕ = ⊕ ⊕ ⊕
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4. MIP: Pruning (1) 

a.  Thinning and skeletonizing tend to leave parasitic components.
b.   methods are essential complement to thinning and
skeletonizing procedures. 

Pruning
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4. MIP: Pruning (2) 

1 { }X A B= ⊗

( )
8

2 11
* k

k
X X B

=
= ∪

( )3 2

: 3 3 structuring element
X X H A
H

= ⊕ ∩

×

4 1 3X X X= ∪
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4. MIP: Summary (1) 
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4. MIP: Summary (2) 
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4. MIP: Summary (3) 
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4. MIP: Summary (4) 
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