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= Morphology ] ix &

o About the form and structure of animals and plants
= Mathematical morphology

o Using set theory

o Extract image component

o Representation and description of region shape

= Sets in math. Morphology represent objects in
an image
o Example

» Binary image: the elements of a set is the coordinate (x,y) of
the pixels, in Z2

= Gray-level image: the element of a set is the triple, (X, vy,
gray-value), in Z3




Basic Concepts
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FIGURE 9.1

(a) Two sets A

A and B. (b) The
AUBR A B union of A and B.
(c) The
intersection of A
and B. (d) The
complement of A.
(e) The difference
between A and B.

(A)




Special set operations for morphology

(A)Z:{c\c:a+z,foraeA} éz{w\w:—b, forbeB}
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Logic Operations

_T[?_Eﬁfe; hasic P q P AND g (also p - q) P OR g (also p + @q) NOT (p) (also p)
logical operations. 0 0 () () 1

0 1 () 1 1

I 0 () 1 0

I 1 1 1 0




AND

OR

XOR

NOT-
AND

(A) AND (B)

(A) XOR (B)

[NOT (A)] AND (B)

FIGURE 9.3 Some

logic operations
between binary
images. Black
represents binary
Is and white
binary 0s in this
example.




Dilation

A@Bz{ z(é)ZmA;«& % }
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® FIGURE 9.4

(a) Set A.

(b) Square
structuring
element (dot is
the center).

(c) Dilation of A
by B.shown
shaded.

(d) Elongated
structuring
element.

(e) Dilation of A
using this
element.

__________________
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A& B
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A& B



Application of dilation:

__,,,,L __{ ‘rlmasml mMages:

Historicaliy, certamn computer
programs were written using
oniy two digits rather than
four to define the applicable
year. Accordingly, the
company's sof{ware may
recognize a dats using "00"
as 1900 rather than the y

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 1500 rather than the.

L

2000,




Erosion & 4
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FIGURE 9.6 (a) Sct A. (b) Square structuring element. (¢) Erosion of A by B, shown
shaded. (d) Elongated structuring element. (e¢) Erosion of A using this element.



Application of erosion:

Squares of size Erode with
1,3,5,7,9,15 pels 13x13 square

original image erosion dilation



Dilation and erosion are duals

(A©B)° =1 Z|(B),  A}°

L ZB), A =2 |

{ z‘(B)ZmAC # O }

A@B:{ z‘(é)z A% @} _ A



9.3 Opening and Closing

= Opening — °
A°B = (A0©B)® B.

= Closing - e
AeB = (A®B)OB.

= Duals

(AeB) =(A° 8]



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 1s the outer boundary of the opening.
(d) Complete opening (shaded).
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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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FIGURE 9.10
Morphological
opening and
closing. The
structuring
element is the
small circle shown
in various
positions in {b).
The dark dot is
the center of the
structuring
element.

A-B=(ASB)& R
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A-B= (A& B)2 B
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» Find the location of certain shape

A=XUYUZ
X
V4
¥ .
A
erosion l __________
D.H:fmex;. || Find the set of pixels that
= \; """ contain shape W
doie B4 P B AR o B D




A=XUYUZ Detect object via
_ . background
zZ| w —W-x)
¥
Y L .
x Origin
AS (W — X)
A U
Erosion ;—---;;;EL”)
with (W-X)




(ASX)N(AS[W —y




R (A)=A—(A©B)

ab
¢ d

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

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

—Origin

A= B

BA)



a b

FIGURE 9.14

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

Eq. (9.5-1) with
the structuring
element in

Fig. U.13({b).



Region filling

Xo=P
X, =(X,,®B)n A" k=123,...
Until X, =X,

Bound the growth




— Origin

A°

I fl”lﬂ

X,UA



The first filled

region _ _
Original image Fill all regions




Extraction of connected components

= |dea: start from a point in the connected
component, and dilate it iteratively

Xo=P
X, =(X,DB)nA k=123,...
Until X, =X,
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1

thresholdin

Connected  No. of pixels in
component  connected comp

01 11
02 9

03 9

: 04 39
erosion 05 133
06 1

07 1

08 743

09 7

10 11

11 11

12 9

13 9

14 674

15 85




Convex hull

= A setis convex if
o A line join two points in A lies entirely within A




Convex hull (cont.)

= Convex hull of an arbitrary set A
o The smallest convex set containing A

Convex hull

\,



Convex hull algorithm

» |dea: find points within line segments

X,=A B' : structuring elements
X, =(X,4*= BYUA k=123,...

until X, =X, Hit-or-miss trans., no background
C(A) — U Xé match is required = erosion?
|

onv



—— - il e Don’t care
B! B B B*
I I 2
"l:-l.] = .r"t "'k:'-l .-1:-2
X; X3 C(A)



Thinning w it

AX®B=A-(A - B)
{B}={B',B%,B%...B"}

,I_Dngm

A@ B} A@ B A® B



Thinning (cont.)

A@ B° A@ BT A® Bl4?

A® B4.5.ﬁ g0, 123

v



Thickening

A - B=AU(A* B)

Another method: 1. Thin the background
2. Complement the result

thin(A%)




Skeletons # Zg

Maximum disk

1. The largest disk
Centered at a pixel

2. Touch the boundary
of A at two or more
places




Skeletons : algorithm

s |dea: # %71 erosion

S(A)= U S, (A
S, (A) = (A O kB)— (A © kB)oB
(AOKB)=(..(ACB)©B)O..)" B

K=max{ k |(A© kB)= @ }



h ASKkB |(ASkB)-B|  Si(A) #'.?_FL-EAII Se(A) @ kB kl.f_i[_jk{f:ljrﬁkﬂ
B = H = H H

]
O = O = O B

1
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O = O o oY o B
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Pruning

= Clean up the parasitic components of the
set

o Complement step of thinning and skeletons
= Application: hand-printed character

recognition

o Find skeleton of each character

o Produce spurs during erosion by non-
uniformities in the strokes



B, B*, B®. B* (rotated 907)

B°. B®, B". B® (rotated 90°)

X=AX®B
= A~ (AxB)

%Y,




1 11
B ) )
| B'i=1.2,3.4 [« x| B'i=1,2.....8
“1*]  (rotate 907) (rotate 457)
111 v
™ _ .
B'i=1,234 B'i=15678
= (rotate 907) (rotate 90}
A

FIGURE 9.26 Five basic tvpes of structuring elements used for binary morphology. The
origin of each element is at its center and the >s indicate “don’t care™ values.



= f(x,y) € Z: input image
" b(Xx,y)€Z: structuring element



Dilation

convolution-like operation
(f ®b)(s,t) =max{f(s—x,t—y)+b(x, y)‘(s -X,t-y)eD;;(x,y)eD,}

A A

- A[l] -

max{f(x) + b(sz — x)}

max{f(x) + b(s; — x)}

max {f(x) + b(—x)}

N,

5 - 5



Dilation (cont.)

1. Image appears brighter
2. Size of dark regions become smaller

i

original Dilated with 5x5 mask



Erosion

(f - Db)(s,t)=min{f(s+x,t+y)—b(x, y)‘(s+ X,t+y)eD;;(X,y)eD,}

A A




Erosion (cont.)

1. Image appears darker
2. Size of bright regions become smaller

original eroded with 5x5 mask



Opening and closing

»= Opening = erosion followed by dilation

fob=(fo b)®b

= Closing = dilation followed by erosion

feb=(f @®b) b



Opening:

Remove
M

Closing:

Remove



opening closing



» Opening+closing
o Remove both and details




= Highlight
g=(f ®b)-










Granulometry
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