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FITUTIONS

Mathematic Morphology

= used to extract image components that are useful in '
the representation and description of region shape,
such as
= boundaries extraction
= skeletons
= convex hull
= morphological filtering
= thinning
pruning
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Basic Set Theory

a be
de

FIGURE 9.1

(a) Twosels A
and B. (b) The
union of A and B.
(c) The
intersection of A
and B. (d) The
complement of A.
(e) The difference
between A and B.
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Reflection and Translation 7%=

B={w|we-b, forbeB}
(A), ={c|cea+z, forae A}

ab
zl{——-'

FIGURE 9.2
(a) Translation of
A by z.

(b) Reflection o
B.The sets A ar
B are from

Fig. 9.1.

(A);
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FIGURE 9.3 Some
logic operations
between binary
images. Black
represents binary
Is and white
binary (s in this
example.
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Structuring element (SE)

= small set to probe the image under study

= for each SE, define origo

= shape and size must be adapted to geometric
properties for the objects
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Basic morphological
operations

FITUTIONS

= Dilation

. keep general shape but
= COmblne to smooth with respect to
= Opening > object

losening s background

7
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Erosion

= Does the structuring element fit the
set?

erosion of a set A by structuring element
B:all zin A such that B is in A when
origin of B=z

ASB ={z|(B), c A}

shrink the object
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d /4

Erosionl | °

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

©B={z|(B), c A}
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Dilation

= Does the structuring element hit the
set?

= dilation of a set A by structuring element
B: all zin A such that B hits A when
origin of B=z

ATB ={z|(B), Q A = &} ‘

the object
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Dilation
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abc d
d e

FIGURE 9.4 d /4
(a) Set A.
{b) Square
structuring B=n
element (dot is
the center).

(c) Dilation of A A
by B.shown d/8
shaded.

{d) Elongated

structuring

element. - =
(e) Dilation of A
using this d/2
element. d/4 L

______

B = structuring element 2,
B={z(B), QA=®} ‘
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ilation : Bridging gaps

Historicaliy, certain computer
programs were written using
oniy two digits rather than
four to define the applicable
vear. Aceordingly, the
company's software may
recognize a dats using "00"
as 1900 rather than the @r

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 & date using "00°
as 1900 rather than the.

2000, 2000,
-=
el E'.'E
0|10
1
0o(1 |0
19BMB304/Biomedical

Imaae Proces<ina/Dr

LI T U TIONS

=
b

FIGURE 9.5

(a) Sample text of
poor resolution
with broken
characters
(magnified view).
(b) Structuring
element.

(c) Dilation of (a)
bv (b). Broken
segments were
joined.
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useful

-
= erosion '

= removal of structures of certain shape and
size, given by SE

= Dilation

= filling of holes of certain shape and size,
given by SE

FITUTIONS
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Combining erosion and
dilation

|
= WANTED:

= remove structures / fill holes
= without affecting remaining parts

= SOLUTION:
= combine erosion and dilation
sing same SE)
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Erosion : eliminating
irrelevant detail

abc

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 squ
ructuring element of 17s, 13 pixels on the side. (¢) Dilation of (b) with the same structuring element.

element B = 13x13 pixels of gray level
19
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IITUTIONS

Opening

erosion followed by dilation, denoted °

AoB =(AcB)DB

= eliminates protrusions
= breaks necks
= smoothes contour

20
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Vo

Opening

A A B = U{(B)(B);C A}
Translates of Bin A

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).

oB = (A@ B) OB
B = MA%B)MG%E)Z c A} .

Ilmaae Procecsing




Closing

dilation followed by erosion, denoted -
AeB=(ADB)®B

= sSmooth contour

= fuse narrow breaks and long thin gulfs
=_eliminate small holes

ps in the contour
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FITUTIONS

B .

A

s w

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).

AeB=(ADB)oB

19BMB304/Biomedical
Imaae Proces<ina/Dr

27



Properties

Opening

(i) A°Bis asubset (subimage) of A

(ii) If Cisasubsetof D, thenC°B isasubset of D °B
(i) (A °B)°B= A°B

Closing

(i) A isasubset (subimage) of AeB
(ii) If Cisasubsetof D, then C eB is asubset of D
(iii) (A eB) eB = A B

eated openings/closings has no effect!
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Duality

FITUTIONS

I q
= Opening and closing are dual with respec
to complementation and reflection

(AeB)° = (A° oB)

29
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o Bl = P
(o =0 o BiY

Iy

IGURE 9.10
Morphological
opening and
closing. The
structuring
element 1s the
small circle shown
In various
positions in (b).
The dark dot is
the center of the
structuring
element.
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2 1%
-

A-B=(AcB)®&B

-

A-B=(A&B)=B

31



Useful: o pen & close 7%

opening of A closing of 4
—removal of small protrusions, thin = removal of holes

connections, ...
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Application:
filtering

ﬁ”ﬁfi’% .
N\

N 4, erode
{(A=-B)=B)=B=
(A-B)=B

%
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Hit-or-Miss

:*u"i;: : | '-" ‘:;f;' "
: ® \Eb » L
Transformation &%=

@ (HMT)

= find location of one shape among a set of shapes
"template matching

= composite SE: object part (B1) and background
(B2)

I I does Bl fits the object while, simultaneously, '

2 misses the object, i.e., fits the background?
19BMB304/Biomedical
Imaae Proces<ina/Dr
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Hit-or-Miss
Trdnsfo f@ﬂgﬁ

Y .

FIGURE 9.12 x
(a) Set A. (b) A
window, W, and .
the local
background of X
with respect to W, | ;
(W — X).
(c) Complement
of A.(d) Erosion AS (W - X)
of A by X.
(e) Erosion of A B ,

by (W - X). - g
(fy Intersection of | | 7;'
(d) and (e), e T ae )
showing the I
location of the
origin of X, as
desired.

A®B = (AOX) Q[ACOW — X)] | wommice o
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Boundary Extraction

FIGURE 9.13 (a) Set
A. (b) Structuring B
element B.(c) A
eroded by B.

(d) Boundary, given
by the set
difference between
A and 1ts erosion.

AS B

(A)= A— (Ao B)
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CLESFITUTIONS
a b
FIGURE 9.14

(a) A simple
binary image, with
I's represented in
white. (b) Result
of using

Eq. (Y.5-1) with
the structuring
element in

Fig. 9.13(b).
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Region Filling
X, =(X, ,®B)QA° k=1,

Vo

=l o T
= 0o o
s ket

FIGURE 9.15
Region filling. — Origin
(a) Set A.

(b) Complement
of A.

(¢) Structuring
element B.

(d) Initial point
inside the
boundary.
(e)—(h) Various
steps of

Eq. (Y.5-2).

(1) Final result
[union of (a) and

(h)].
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LIS TITUTIONS

8 ol o

. ; inary imagee e white dot inside one of the regions is the startis
FIGURE 9.16 (a) Binary image (the white dot inside one of the regions is the startin
point for the region-filling algorithm). (b) Result of filling that region (¢) Result of fil
; eolons.
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