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Digital Image Processing

Lecture # 8
Image Morphology & Texture
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Dilation
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Dilation

The dilation of two sets A and B is defined as:

i.e. when the reflection of set B about its origin is 

shifted by z, the dilation of A by B is the set of all 

displacements such that overlap A by at least one 

element

Definition 1:

{ | ( ) }zA B z B A  

We will only consider symmetric 

SEs so reflection will have no 

effect
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Dilation

Definition 2:

Dilation of image f by structuring element s is given by 

f s

The structuring element s is positioned with its origin at 

(x, y) and the new pixel value is determined using the 

rule:
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Dilation – How to compute

 For each background pixel (which we will call the input pixel) 

 Superimpose the structuring element on top of the input image so 

that the origin of the structuring element coincides with the input 

pixel position

 If at least one pixel in the structuring element coincides with a 

foreground pixel in the image underneath, then the input pixel is 

set to the foreground value 

 If all the corresponding pixels in the image are background, 

however, the input pixel is left at the background value
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Dilation: Example

Effect of dilation using a 3×3 square structuring element 
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Dilation: Example

Structuring Element

Original Image Processed Image
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Dilation: Example

Structuring Element

Original Image Processed Image With Dilated Pixels
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Dilation

 Effects

 Expands the size of foreground(1-valued) objects

 Smoothes object boundaries

 Closes holes and gaps

 Rule for Dilation

In a binary image, if any of the pixel (in the 

neighborhood defined by structuring element) is 1, 

then output is 1



12

Dilation: Example 1

Original image Dilation by 3*3 

square structuring 

element

Dilation by 5*5 

square structuring 

element

Note: In these examples a 1 refers to a black pixel!
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Dilation: Example 2
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Dilation: Example 3
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Dilation

Dilation can repair breaks

Dilation can repair intrusions

Watch out: Dilation enlarges objects
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Duality relationship between Dilation 
and Erosion

 Dilation and erosion are duals of each other:

( )c cA B A B !

 For a symmetric structuring element:

( )c cA B A B !

It means that we can obtain erosion of an image A by B simply by 

dilating its background (i.e. Ac) with the same structuring element and 

complementing the result.
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Compound Operations

 More interesting morphological operations can be 

performed by performing combinations of erosions and 

dilations

The most widely used of these compound operations are:

 Opening

 Closing
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Opening
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Opening

The opening of image f by structuring element s, denoted 

by f ○ s is simply an erosion followed by a dilation

( )f s f s s  

Original shape After erosion After dilation

(opening)
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Opening: Example

Original 

Image

Image 
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Opening: Example

Structuring Element

Original Image Processed Image
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Closing
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Closing

The closing of image f by structuring element s, denoted by 

f • s is simply a dilation followed by an erosion

Original shape After dilation After erosion

(closing)

( )f s f s s   
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Closing: Example

Original 

Image

Image 

After 

Closing
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Closing: Example

Structuring Element

Original Image Processed Image
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Closing
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Opening & Closing

 Opening and closing are duals of each others





( ) ( )

( ) ( )

c c

c c

A B A B

A B A B

 

 




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Morphological Processing Example
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Morphological Algorithms

Using the simple technique we have looked at so far we 

can begin to consider some more interesting morphological 

algorithms

We will look at:

 Boundary extraction

 Region filling

 Extraction of connected components

There are lots of others as well though:

 Thinning/thickening

 Skeletonization
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Boundary Extraction

The boundary of set A denoted by β(A) is obtained by 

first eroding A by a suitable structuring element B and 

then taking the difference between A and its erosion.

( ) ( )A A A B   !
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Boundary Extraction

( ) ( )A A A B   !
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Boundary Extraction

A simple image and the result of performing boundary 

extraction using a square 3*3 structuring element

Original Image Extracted Boundary
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Region (hole) Filling

Given a pixel inside a boundary, region filling attempts to fill 

that boundary with object pixels (1s)

Given a point inside here, can 

we fill the whole circle?
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Region Filling

Let A is a set containing a subset whose elements are 8-connected 

boundary points of a region, enclosing a background region i.e. hole 

If all boundary points are labeled 1 and non boundary points are 

labeled 0, the following procedure fills the region:

 Start from a known point p and taking X0= p,

 Then taking the next values of Xk as:

B is suitable structuring element

 Terminate iterations if Xk+1 = Xk

 The set union of Xk and A contains the filled set and its boundaries.

( ) 1,2,3,c

k kX X B A k   

Inside the boundary



Region Filling

0 0 0 0 0 0 0

0 1 1 1 1 1 0

0 1 0 0 0 1 0

0 1 0 0 0 1 0

0 1 0 0 0 1 0

0 1 1 1 1 1 0

0 0 0 0 0 0 0

1 1 1 1 1 1 1

1 0 0 0 0 0 1

1 0 1 1 1 0 1

1 0 1 1 1 0 1

1 0 1 1 1 0 1

1 0 0 0 0 0 1

1 1 1 1 1 1 1

0 1 0

1 1 1

0 1 0

A Ac

B



Region Filling

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 1 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0( )X B

0 1 0

1 1 1

0 1 0

0X

0 0 0 0 0 0 0

0 0 1 0 0 0 0

0 1 1 1 0 0 0

0 0 1 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0
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Region Filling

1 1 1 1 1 1 1

1 0 0 0 0 0 1

1 0 1 1 1 0 1

1 0 1 1 1 0 1

1 0 1 1 1 0 1

1 0 0 0 0 0 1

1 1 1 1 1 1 1

1 0( )X X B 
1 0( ) cX X B A  
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0 0 0 0 0 0 0

0 0 1 1 0 0 0

0 0 1 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0
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Region Filling

1 ( )

1,2,3,

c

k kX X B A

k

  







NOTE:

The intersection of dilation 

and the complement of A 

limits the result to inside 

the region of interest
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Region Filling: Example

Original Image One Region 

Filled

All Regions 

Filled



Gray Level Image Morphological 
Operations



Dilation & Erosion



Opening & Closing





Morphological Gradient



Top Hat & Bottom Hat Transformations



Texture Based Descriptors
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Texture
• Organized patterns of quite regular

subelements called textons.

• Texture is a property of sufficiently large 
regions 

Applications:
– Texture based segmentation

– Texture synthesis 

– Texture analysis and texture based matching

– Shape (surface orientation) from texture
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Texture Examples

(a,b): Artificial 

textures

(c,d,e): Naturally 

occurring  

textures
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Representing textures
Statistical

yields characterization of textures as smooth, coarse 

grainy, etc.

Spectral

are based on Fourier spectrum and are primarily used to 
detect the global periodicity in an image by identifying 
high energy narrow peaks in the spectrum.
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Statistical approaches
• Based on the histogram measures of image

• Based on the Grey Level Co-occurrence Matrix (GLCM) and related 
measurement

Histogram based texture description

Using statistical moments of grey level histogram of the image or region

Let p(zi) is the histogram of the grey levels zi of an image

The nth moment about the mean is given by:

Where mean is 

The variance is the second moment and is given by
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Histogram based texture 
description

• For texture description the following parameters are useful

– Variance and related measures: descriptor of relative 
smoothness, use normalized variance

– Skewness of histogram 

– Relative flatness of histogram

– Uniformity

– Average Entropy

)(1

1
1

2 z
R










1

0

3

3 )()()(
L

i
ii zpmzz







1

0

4

4 )()()(
L

i
ii zpmzz







1

0

2 )(
L

i
izpU







1

0
2 )(log)(

L

i
ii zpzpe



53

Histogram based texture description (example)
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GLCMs

• For texture description the following parameters of GLCM are 
measured and analyzed

Maximum probability

Contrast

Uniformity

Entropy
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Readings from Book (3rd Edn.) 

• Morphological Operations 
(Chapter – 09)

• Reading Assignment
• Connected Component

• Texture (Chapter-11)
Reading Assignment:
• Table-11.3, 11.4
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