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Mathematical Morphology

. » The analysis of signals and images based on shape
Mathematical Morphology: (Morphology = “study of shape”)

Binary Morphology » Uses a set-theoretic approach to modify shapes based on
local operators
L » Many operations are similar to convolution but use set
CS 650: Computer Vision operations
» Useful for
» enhancing structural properties

» segmentation
» quantitative description

Mathematical Morphology: Binary Morphology Mathematical Morphology: Binary Morphology
LBasic Operations LBasic Operations
Set Operations on Binary Images Translation
A the image (“on” pixels)
AC the compliment of the image (inverse) » The image A translated by movement vector ¢ is
AUB the union of images A and B A ; A
ANB the intersection of images A and B t={clc=a+tforsomeac A}

A— B=AnNB°¢ the difference between A and B

(the pixels in A that aren't in B) » Literally, pick up each pixel in A and move it by the

movement vector t

#A the cardinality of A (area of the object(s))
:
Mathematical Morphology: Binary Morphology Mathematical Morphology: Binary Morphology
LDilatian LDilation
:
Dilation Dilation
» Everywhere the structuring element B overlaps the shape: e ‘
FIGURE 9.4 /4
(a) SetA. M E an
ApB={c|c=a+bforsomeac Aand b c B} (oare =
element (dotis i |
) ) ) ) &5 Do of 4 P L PR 405
» Unioned copies of the shifted image: by 8. shown a ars
(d) Elongated
structuring ~
A® B= U At ?;?"]Z‘)Ei‘l‘a‘gionof/l n
teB — ap - B
» Unioned copies of the shifted B: ¢ ¢
AaB-=| |B ges [
o8=JB

teA Wt s
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L Dilation

Dilation

Historically, certain computer
programs were written using
only two digits rather than
four to define the applicable
year, Accordingly, the
company’'s software may
recognize a date using "00"
as 1900 rather than the vEear
2000.

Mathematical Morphology: Binary Morphology

L Erosion

Erosion

Historically, certain computer
pregrams were written using
only two digits rather than
four to define the applicable
year. Accordingly, the
company's software may
recognize a date using "00"
as 1900 rather than the ?r

Sl

2000,

a C

b
FIGURE 9.5
(a) Sample text of
poor resolution
with broken
characters
(magnified view).
(b) Structuring
clement.
(c) Dilation of (a)
by (b). Broken
segments were
joined.

» All the positions where the structuring element B fits
entirely inside the shape:

AcB={x|x+bec Aforevery b c B}

» Intersected copies of the shifted image

Mathematical Morphology: Binary Morphology
L Erosion

Erosion

abec

A@B:fqu
teB

FIGURE 9.7 (a) Image of squares of size 1.3,5, 7.9, and 15 pixels on the side. (b) Erosion of (a) with a square
structuring element of 1's, 13 pixels on the side. (¢) Dilation of (b) with the same structuring element.

Mathematical Morphology: Binary Morphology
L Dpilation

Properties of Dilation

» Commutative:
AB=BgA

» Associative:

(AeB)aC=As(Ba 0))

Mathematical Morphology: Binary Morphology

L Erosion

Erosion
d/4
[+
B
P ASB
o 3d /4 [
ap dss
7 S -
)
d -
a2
B ]
[ 3dj+ 11
a8 d,
abc
d [E

FIGURE 9.6 (a) Set A. (b) Square structuring element. (¢) Erosion of A by B, shown
shaded. (d) Elongated structuring element. (¢) Erosion of A using this element.

Mathematical Morphology: Binary Morphology

L Erosion

Properties of Erosion

» Not commutative: )
AcB=BoA

» Not associative:

(AeB)eCLAc(BeC)
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L Erosion

Duality of Erosion and Dilation

» Dual operations are ones that can be defined in terms of
each other

» Duals are not inverse operations

» Dilation and erosion are dual operations:

(As B)° A°c B
(AcB)® = A9 B

where B denotes the reflection of B

» Intuition: dilating the foreground is the same as eroding the
background—the structuring just element flips

Mathematical Morphology: Binary Morphology
L Erosion

Example Application: Finding Boundary Pixels

ab Origin
=
FIGURE 9.13 (a) Set

A. (b) Structuring B
clement B. (c) A
eroded by B.
(d) Boundary, given
by the set
difference between
A and its erosion.

AOB BLA)

Mathematical Morphology: Binary Morphology
LOpening and Closing

Opening
» An opening operation is an erosion followed by a dilation:
AoB=(AcoB)a B

» Used to remove small objects, protrusions, connections

A A= B = U{(B)|(B).C A}

Translates of Bin A

(e

abcd
FIGURE 9.8 (a) Structuring element B “rolling” along the inner boundary of A (the dot
indicates the origin of B). (¢) The heavy line is the outer boundary of the opening.

(d) Complete opening (shaded).

Mathematical Morphology: Binary Morphology
L Erosion

Example Application: Finding Boundary Pixels

» Can find all of the boundary pixels by dilating the object
and subtracting the original:

Boundgyi(A) = (A® B) — A

where Bis a 3 x 3 structuring element containing all 1s
» Or by eroding the original and subtracting that from the
original:
Bound;;(A) = A— (A B)

Mathematical Morphology: Binary Morphology
L Hit-and-Miss

Hit-and-Miss
» Hit-and-miss operators find target pixel configurations:

Az (J,K)=(AeJ)n(A°c K)

» Jis the target that must be “hit” (foreground)
» K is the target that must be “missed” (background)

» Example:

0/0]0 011 x|0]0
1/11]0 0j0|1] — 1/1]0
0(1]0 0(0]0 x| 1]x

J K Effective Target

Mathematical Morphology: Binary Morphology
LOpening and Closing

Closing
» A closing operation is a dilation followed by an erosion:
AeB=(A®B)oc B

» Used to remove small holes, gaps, etc.

B
A B

A

i flofis
FIGURE 9.9 (a) Structuring element B “rolling” on the outer boundary of set A. (b) Heavy
line is the outer boundary of the closing, (¢) Complete closing (shaded).
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LOpening and Closing LOper\ing and Closing
Duality of Opening and Closing Example: Opening and Closing for Noise Removal
e 4 AeB B 4 1?
| .- s

» Opening and closing are also duals:

the
(Original
or this
ple courtesy
of the National

SRVG B = Institute of
(ASBeB=4'8 Standards and
(A-B)®B [(A-B)®BleB=(4-B)-p lechnology)

(AoB)° =A°e B

» Intuition: opening to remove small foreground objects is
the same as closing small holes in the background

‘/J//Am\\\\{\ﬁ

Mathematical Morphology: Binary Morphology
LOpening and Closing

ldempotence of Opening and Closing

» An operation is idempotent if applying it once is as good as
applying it many times
» Opening and closing are idempotent

(AoB)oB=AoB

(AeB)eB=AeB



