
Morphological image processing

Copyright notice:  Most images in this package are
© Gonzalez and Woods, Digital Image Processing, Prentice-Hall

→ Performs suitable transformations of images in order to make 

explicit particular shape information.

Mathematical Morphology provides mathematical tools 

based on set theory for investigating and manipulating geometric 

structures in binary images. Image objects are represented as sets. 

• The latter may be derived from graylevel images by segmentation

methods (e.g. using thresholds or edges)

• By the way: some morphological operators, extended to graylevel

images, can become useful preprocessing tools



Morphological image processing

Morphological Operators

Erosion and dilation are the most elementary operators of 
mathematical morphology.

More complicated morphological operators can be designed 
by means of combined erosions and dilations.

Some History

George Matheron (1975) Random Sets and Integral 
Geometry, John Wiley.

Jean Serra (1982) Image Analysis and Mathematical 
Morphology, Academic Press.

Petros Maragos (1985) A Unified Theory of Translation-
Invariant Systems with Applications to Morphological Analysis 
and Coding of Images, Doctoral Thesis, Georgia Tech. 



Sets of (binary or graylevel) pixels are defined; standard set operations 

are defined (union, intersection, complement...).

Two more operations are defined:

[a,b,w,z are coord. pairs]

Structuring elements (SE) (sort of “probes”) operate on the pixel sets

Morphological image processing

A SE (in gray) can have any 
shape, can be connected or not. 
To be used for MM it may need to 
be padded to form a rectangle. 
Black dot = origin of SE



Morphological image processing (binary)

E.g.: A binary object A is present in an image. The SE B runs over the 

input image. The output set is formed by the positions in which B is 

completely contained in A (erosion) ...

[The image needs to be padded to allow for all SE positions]

... or, e.g., B and A overlap by at least one element (dilation)



Morphological image processing (binary)

EROSION

Set of all points
z such that B, 
translated by z, 
is contained in A

𝐴 ⊖ 𝐵 = {𝑧 |(B)z ⊆ A} = {𝑧 |(B)z ∩ AC= ∅}



Morphological image processing (binary)

EXAMPLE



Morphological image processing (binary)

DILATION

Set of all points z
such that B, flipped
and translated by z, 
has a non-empty
intersection with A

NOTE: the flipping of 
the structuring
element is included
in analogy to 
convolution. Not all
Authors perform it

𝐴 ⊕ 𝐵 = {𝑧 |( ෠𝐵)z ∩ A ≠ ∅}  =  {𝑧 |( ( ෠𝐵)z ∩ A  ) ⊆ 𝐴



Morphological image processing (binary)

EXAMPLE: fix broken characters using dilation

note: differently from a linear filter, a binary 
image is output



Morphological image processing (binary)

EXAMPLE: Eliminate small objects by erosion+dilation

note 1: white objects on black background (opposite wrt prev. slides)

note 2: the final dilation will NOT yield in general the exact shape of 
the original objects



Morphological image processing (binary)

OPENING = erosion followed by dilation

• Smoothes convex vertices,

• breaks narrow isthmuses,

• eliminates small islands and sharp peaks

CLOSING = dilation followed by erosion

• Smoothes concave vertices,

• fuses narrow breaks and long thin gulfs,

• eliminates small holes

𝐴 ∘ 𝐵 = 𝐴 ⊖ 𝐵 ⊕ 𝐵

𝐴 ⦁ 𝐵 = 𝐴 ⊕ 𝐵 ⊖ 𝐵



Morphological image processing (binary)

OPENING 

shift the 
SE inside 
the object 
border

CLOSING 

shift the 
SE outside 
the object 
border

For clarity, object A is not shaded in the first picture



Morphological image processing (binary)

OPENING 

erode

dilate

CLOSING 

dilate

erode

To predict the results, 
compare the size of 
the SE to the size of 
the various image 
sub-structures



Morphological image processing (binary)

A property:

Erosion and Dilation
Opening and Closing

are dual operators wrt set complementation and 
reflection:
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Morphological image processing (binary)

Opening → closing

Note: both white and black 
errors (e.g. due to poor 
thresholding) are eliminated



Morphological image processing (binary)

BOUNDARY EXTRACTION

𝛽(𝐴) = 𝐴 − 𝐴 ⊖ 𝐵

Note: use

to get an 8-connected border

(use a 5x5 SE to get a 2-
pixel-wide border)



Morphological image processing (binary)

HOLE FILLING
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The dilation would fill the 
whole area were it not for 
the intersection with AC

We call it Conditional
dilation

seed



Morphological image processing (binary)

EXTRACTION OF 
CONNECTED COMPONENTS
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It is again a 
conditional dilation, 
with A

SE B provides 8-
connected object

SE in previous slide 
for 4-connected obj.

seed



Morphological image processing (binary)

GEODESIC DILATION AND EROSION

Note: In its original sense, a geodesic is the shortest route between two points on 
the Earth's surface, namely, a segment of a large circle. It is a generalization of the 
notion of a straight line to curved spaces 

In dilation, structures grow at their boundaries. To constrain their growth 
within some predefined boundaries we use

• Geodesic dilation: the minimum between the dilation of the image 
(marker, F) by an SE (B) and a control image (mask, G) that contains 
the restraining boundaries

• Geodesic erosion is similarly defined as the maximum between the 
erosion of the marker F and the mask G

D 1G (F )= (F  ⊕B ) ∩ G

E 1G (F )= (F  ⊖B ) ∪ G



Morphological image processing

Geodesic 
dilation and 
erosion



Morphological image processing (binary)

Geodesic dilation and erosion can be iterated until convergence (that 
always occurs)  → Reconstruction by dilation, Reconstruction by erosion

As we know, erosion + dilation = opening. 

Erosion + reconstruction by dilation is called Opening by reconstruction

• Erosion removes small structures, and erodes the boundaries of large 
structures. Parts of the latter remain present in the eroded image.

• A reconstruction by geodesic dilation, with the original image as the 
control image (mask), makes these parts grow back to their original 
size.

• The small structures that were completely removed by the erosion will 
not grow back → Opening by reconstruction removes small structures, 

keeping larger structures intact

Dilation + reconstruction by erosion is called Closing by reconstruction



Morphological image processing (binary)

Opening by reconstruction

Closing by reconstruction



Morphological image processing (binary)

Opening by reconstruction

Extract characters that contain long vertical strokes



Morphological image processing (binary)

BOUNDARY CLEANING

Delete objects that touch the boundary of the image (probably incomplete 
objects)

Set marker image as the border of the original image; compute 
reconstruction by dilation; subtract the result from the image



Morphological image processing (binary)

SKELETONIZATION

• Maximum disk: largest disk included in A, touching the boundary of A
at two or more different places

• Skeleton: set of the centers of the maximum disks

(imprecise 
drawing) A prairie fire

approach can also be 
used:

the boundary of the 
object is set on fire 
and the skeleton is 
the loci where the 
fire fronts meet and 
quench each other.



Morphological image processing (binary)

SUMMARY



Morphological image processing (binary)

SUMMARY
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Morphological image processing

SUMMARY



See MM concepts, examples, and Matlab commands:
https://it.mathworks.com/help/images/morphological-filtering.html

Morphological image processing
(graylevel or binary)

Texture segmentation

https://it.mathworks.com/help/images/morphological-filtering.html
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