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The material in this chapter begins a 
transition from a focus on purely image 
processing methods whose input and output 
are images, to processes in which 
the inputs are images, but the outputs are 
attributes extracted from those images.
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Dilation 

Erosion





With A and B as sets in Z2, the dilation of A 
by B, denoted          , is defined as 
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Dilation 

Erosion



For sets A and B in Z2, the erosion of A by B, 
denoted 
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If set (B)z is contained in set A, 
then                    ,in which case the preceding 
equation becomes 
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Opening generally smoothes the contour of 
an object, breaks narrow isthmuses, and 
eliminates thin protrusions.

Closing also tends to smooth sections of 
contours but, eliminates small holes, and fills 
gaps in the contour.



The opening of set A by structuring element 
B, denoted             , is defined as  

The opening of set A by structuring element 
B, denoted             , is defined as  

Opening can be expressed as a fitting 
process such that
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Opening and closing are duals of each other 
with respect to set complementation and 
reflection. That is,
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The opening operation satisfies the following 
properties:

is a subset (subimage) of A.
If C is a subset of D, then         is a subset of
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The closing operation satisfies the following 
properties:

A is a subset (subimage) of 
If C is a subset of D, then           is a subset of 
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If B1=X and B2=(W-X).
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Where B is a suitable structuring element.

)()( BAAA Θ−=β







Boundary Extraction
Region Filling
Extraction of Connected Components
Thinning
Thickening
Skeletons
Pruning
Summary of Morphological Operations on Binary 
Images



The following procedure then fills the region 
with 1’s:

Where            , and B is the symmetric 
structuring element.
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Let Y represent a connected component 
contained in a set A and assume that a point 
p of Y is known. The following procedure then 
fills the region with 1’s:

Where            , and B is the symmetric 
structuring element.
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The thinning of a set A by a structuring 
element B, denoted         , can be defined in 
term of the hit-or0miss transform:



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

{B}={B1,B2,B3,…,Bn}
Where Bi is a rotated version of Bi-1. Using 
this concept, we now define thinning by a 
sequence of structuring elements as
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Thickening is the morphological dual of 
thinning and is defined by the expression

Where B is a structuring element suitable for 
thickening. As in thinning, thickening can be 
defined as a sequential operation:
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The skeleton of A can be expressed in terms of erosions and 
openings. That is, it can be shown that

with

where B is a structuring element, and     indicates k successive 
erosions of A:

k times, and K is the last iterative step before A erodes to an empty 
set. In other words,
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The formulation given above states that S(A) can be 
obtained as the union of the skeleton subsets Sk(A). Also, 
it can be shown that A can be reconstructed from these 
subsets by using the equation:

where                 denotes k successive dilations of Sk(A); 
that is
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