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Morphological Image Processing 
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Outline 
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Introduction 

 Morphological operations come from the word 
“morphing” in Biology which means “changing a 
shape”. 

 

 

 

 In the context of image processing , it refers to a set of 
mathematical tools that can be used to 
 Extract useful description and representation of regions in 

images (boundaries, skeletons, convex hull) 

 Remove imperfections introduced during segmentation 
(thinning, regions filling) 

 

Morphing 
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Introduction 
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Basic Set Operations 

 Let x, y, z, … represent locations of 2D pixels, e.g. x = (x1, x2), S 
denote the complete set of all pixels in an image, let A, B, … 
represent subsets of S 
 Each set may represent one object. Each pixel (x,y) has its status: 

belong to a set or not belong to a set. 
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Basic Set Operations 

*For binary images only 
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Basic Set Operations 

A 

(A)z 

z = (z1,z2) 

Translation Reflection 

B̂
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Structuring Elements 
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Structuring Elements 
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Structuring Elements 
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Structuring Elements 
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Dilation 
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Dilation 
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Dilation 
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Dilation 
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Dilation 
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Erosion 
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Erosion 



Erosion 
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Using Erosion to remove image component 
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Erosion 
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Erosion 
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Application of Dilation and Erosion 

Erosion thins objects in a binary image 
•Image details smaller than SE are removed 

Dilation grows object in a binary image 
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Opening 
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Opening 

BBABA  )    (

    ABBBA zz 

or 

= Combination of all parts of A that can completely contain B   

Opening eliminates narrow and small details and corners.    
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Opening 
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Closing 
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Closing 

BBBA       )A( 

Closing fills narrow gaps and notches 
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Closing 
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Example 
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Hit-or-Miss Transformation 
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Hit-or-Miss Transformation 
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Hit-or-Miss Transformation 
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Hit-or-Miss Transformation 
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Boundary Extraction 
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Boundary Extraction 



Hole Filling 
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Hole Filling 
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where X0 = seed pixel p 



Connected Components 

 Let Y represent a connected component contained in a 
set A 

 Assume that a point p of Y is known 

 Then the following yields all the element of 

 

 

 where X0=p, B is the suitable structuring element 

 The algorithm terminates if Xk=Xk-1, and let Y=Xk 
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Connected Components 
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  ABXX kk  1 where X0 = seed pixel p 



Connected Components 
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X-ray image 
of bones 

Thresholded 
image 

Connected 
components 



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(=C(S)) of an arbitrary set S is the smallest 
convex set containing S 

 The set difference H-S is called the convex deficiency of S 
 Morphological algorithm for obtaining the convex hull C(A) 

of a set A 
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Convex Hull 
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Convex hull 
has no 
concave part. 

Convex hull 

Algorithm: where 



Convex Hull 
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Thinning 
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Thinning 
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Thickening 
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Thickening 
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Skeletons 

 Skeleton, S(A), of a set A 

1. If z is a point of S(A) and (D)z is the largest disk centered at 
z and contained in A, one cannot find a larger disk 
containing (D)z and included in A. The disk (D)z is called a 
maximum disk 

2. The disk (D)z touches the boundary of A at two or more 
different places 

 

 An inner point belongs to the skeleton if it has at least 
two closest boundary points 
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Skeletons 
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Dot lines are  
skeletons of this 
structure 



Skeletons 
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