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FIGURE 9.1
(a) A set, (b) its
reflection, and
(c) its translation
B 22 by z.
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FIGURE 9.2 First
row: Examples of
structuring
elements. Second
row: Structuring
elements
converted to
rectangular
arrays. The dots
denote the centers
of the SEs.



VY $r9uaolS ilins

solA L slaglall
STRUCTURE ELEMENTS (SES)
003 @25 5 gl (IS (51 S (Ko S sad ) [ de e (sobaba paie) 5 B LW Gladl
g o suliiwl 515 05 50 LSL"L;S:U 8L, shieds Structure Element (SE)

| : ool L glagLall 5 slads gal

° ° o ° |
— (-9sdge sals ol (don’t care jaeds) X L
] 358 ol slaglell olaisl
s slagl T LG o
° ° o °

(SE‘)SJA.‘):;JSQI:\.LH‘SMJ)
| Ol S 50 = 3K e a8 iy o, SE Shse

Prepared by Kazim Fouladi | Fall 2016 | 2"d Edition

P



Digital Image Processing, 3rd ed.
Gonzalez & Woods

www.ImageProcessingPlace.com

Chapter 9
Morphological Image Processing

|

ab
cde

FIGURE 9.3 (a) A set (each shaded square is a member of the set). (b) A structuring
element. (c) The set padded with background elements to form a rectangular array and
provide a background border. (d) Structuring element as a rectangular array. (e) Set
processed by the structuring element.
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FIGURE 9.4 (a) Set A. (b) Square structuring element, B. (c) Erosion of A by B, shown
shaded. (d) Elongated structuring element. (¢) Erosion of A by B using this element.
The dotted border in (c) and (e) is the boundary of set A, shown only for reference.
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FIGURE 9.5 Using
erosion to remove
image compo-
nents. (a) A

486 X 486 binary
image of a wire-
bond mask.
(b)-(d) Image
eroded using
square structuring
elements of sizes
11 X 11,15 X 15,
and 45 X< 45,
respectively. The
elements of the
SEs were all 1s.
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df4 FIGURE 9.6

d E]a'/-'l i ' (a) Set A.
B=p || |

(b) Square
structuring ele-
ment (the dot de-
noles the origin).
11 d L1 (¢) Dilation of A
dl/"'8 "'!/"'8 by B, shown
shaded.
- (d) Elongated
structuring ele-
d/2 ment. (¢) Dilation
mmmmmmmm e _ of A using this
| ‘ element. The
i : dotted border in
d i E d (¢) and (¢) is the
| 1
1 1
i |
| |

d/a

boundary of set A,
shown only for
reference
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Historically, certain computer
programs were written using
only two digits rather than

four to define the applicable
year. Accordingly, the
company's software may

date using "00"

recognize a
as 1900 rather than the r

20060.

& &

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 ygar
/
/

ea

FIGURE 9.7

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

(c) Dilation of (a)
by (b). Broken
segments were
joined.
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programs were written using
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four to define the applicable
year. Accordingly, the
company's software may
recognize a date using "00"
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A°B=U{(B)J(B), C Al

Translates of Bin A

@B
@ -

abcid

FIGURE 9.8 (a) Structuring clement B “rolling™ along the inner boundary of A (the dot
indicates the origin of B). (b) Structuring element. (¢) The heavy line is the outer
boundary of the opening. (d) Complete opening (shaded). We did not shade A in (a)
for clarity.
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A'B—\

A

able

FIGURE 9.9 (a) Structuring element B “rolling” on the outer boundary of set A. (b) The
heavy line is the outer boundary of the closing. (¢) Complete closing (shaded). We did

not shade A in (a) for clarity.
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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 SE was
not shaded here
for clarity. The
dark dot is the
center of the
structuring
element.
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FIGURE 9.11
(a) Noisy image.
(b) Structuring
clement.
(c) Eroded image.
(d) Opening of A.
(e) Dilation of the
opening,
(f) Closing of the
opening.
(Original image
courtesy of the
National Institute
of Standards and
Technology.)
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ASB B(A)

ab
cd

FIGURE 9.13 (a) Set A. (b) Structuring element B. (¢) A eroded by B. (d) Boundary,
given by the set difference between A and its erosion.
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FIGURE 9.14

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

Eq. (9.5-1) with
the structuring
element in
Fig.9.13(b).
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Xk=(Xk_1@B)ﬂAc k:1,2,3,... °

X, =p pisaninitial point inside the hole boundary

Repeat until X, = X1
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Xy X X
Xs Xy XsUA

abc

di el i

ghi

FIGURE 9.15 Hole
filling. (a) Set A
(shown shaded).
(b) Complement
of A.

(c) Structuring
element B.

(d) Initial point
inside the
boundary.
(e)~(h) Various
steps of
Eq.(9.5-2).

(i) Final result
[union of (a)
and (h)].
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Morphological Image Processing

FIGURE 9.16 (a) Binary image (the white dot inside one of the regions is the starting
point for the hole-filling algorithm). (b) Result of filling that region. (c) Result of filling
all holes.
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Xk=(Xk_1GBB)ﬂA k:1,2,3,... °

X, =p pisaninitial point inside the connected component

Repeat until X = Xi—1.

Prepared by Kazim Fouladi | Fall 2016 | 2"d Edition

-
’M’?b/



PRt

Digital Image Processing, 3rd ed.
= proeaaing Gonzalez & Woods

Y% Ee

oy gt

www.ImageProcessingPlace.com
*' B i - Mo i

Chapter 9
Morphological Image Processing

X3
d

X3
bed
elifiig

FIGURE 9.17 Extracting connected components. (a) Structuring element. (b) Array

containing a set with one connected component. (¢) Initial array containing a 1 in the
region of the connected component. (d)—(g) Various steps in the iteration of Eq. (9.5-3).
© 1992-2008 R. C. Gonzalez & R. E. Woods



£\ $9940lS uliny
s sladdl 5o 7zl y i
JGa

EXTRACTION OF CONNECTED COMPONENTS

X, =(X,_®B)NA k=1,2,3,... o Lied sdilse JAls sl gals absy Xy = p
B
P
- A X, X
€
- X, X; X

P



Digital Image Processing, 3rd ed.

Gonzalez & Woods
e - www.ImageProcessingPlace.com

Chapter 9
Morphological Image Processing

* JImage
. Processing
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Connected
component

01
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No. of pixels in
connected comp

a
b
cd

FIGURE 9.18

(a) X-ray image
of chicken filet
with bone frag-
ments.

(b) Thresholded
image. (c) Image
eroded with a

5 % 5 structuring
element of 1s

(d) Number of
pixels in the
connected compo-
nents of (c).
(Image courtesy of
NTB
Elektronische
Geraete GmbH,
Diepholz,
Germany,
www.ntbxray.com.)
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x| X EAE b Y x| X f
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FIGURE 9.19
(a) Structuring
elements. (b) Set
A. (c)~(f) Results
of convergence
with the
structuring

elements shown
in (a). (g) Convex
hull. (h) Convex
Xj=A Xi X3 hull showing the
contribution of
each structuring
element.
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FIGURE 9.20
Result of limiting
growth of the
convex hull
algorithm to the
maximum
dimensions of the
original set of
points along the
vertical and
horizontal
directions.
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s Y 3 931
- Origin
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- Origin
1 X * X x » *
B! B B B B B® B B®
Origin
r
¥
A A =AQ®B A=A @B
Ay=A,0 B8 A=A 08¢ As=A,® B*
Ag=A;® BS Ag=A,® B3 Agy= Ag® B34
Ags = A....‘@B’ Agg= Ags ® B® Asgp conven.ed. to
No more changes after this. m-connectivity.
= FIGURE 9.21 (a) Sequence of rotated structuring elements used for thinning. (b) Set A.
b c d (c) Result of thinning with the first element. (d)—(i) Results of thinning with the next
e f g seven elements (there was no change between the seventh and eighth elements).
8 i (j) Result of using the first four elements again. (I) Result after convergence. (m)
k | m Conversion to m-connectivity.
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disconnected points.

FIGURE 9.22 (a) Set A. (b) Complement of A. (c) Result of thinning the complement
of A. (d) Thickened set obtained by complementing (c). (e) Final result, with no
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cd

FIGURE 9.23

(a) Set A.

(b) Various
positions of
maximum disks
with centers on
the skeleton of A.
(c) Another
maximum disk on
a different
segment of the
skeleton of A.

(d) Complete
skeleton.
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The skeleton of A can be expressed in terms of erosions and openings. That is,
it can be shown (Serra [1982]) that

S(A) = LK)Sk(A) (9.5-11)
k=0
with
S(A) = (ASkB) — (A©kB) ° B (9.5-12)

where B is a structuring element, and (A © kB) indicates k successive erosions
of A:

(AGkB) = ((...(A©B)©B)S ...)©B) (9.5-13)

k times, and K is the last iterative step before A erodes to an empty set. In
other words,

K = max{k|(A© kB) # J} (9.5-14)
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The formulation given in Egs. (9.5-11) and (9.5-12) states that S(A) can be
obtained as the union of the skeleton subsets S;(A). Also, it can be shown that
A can be reconstructed from these subsets by using the equation

A= O(Sk(A) ® kB) (9.5-15)
k=0

where (Sx(A) @ kB) denotes k successive dilations of S;(A); that is,
Sk (A)®KkB) = ((...((Sx(A)®B)®B)® ...)® B) (9.5-16)
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FIGURE 9.24
Implementation
of Egs. (9.5-11)
through (9.5-15).
The original set is
at the top left, and
its morphological
skeleton is at the
bottom of the
fourth column.
The reconstructed
set is at the
bottom of the
sixth column.
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ab
c
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fe
x B, B’, B', B* (rotated 90°)  FIGURE 9.25
(a) Original

image. (b) and

(c) Structuring

elements used for

BS, BS, B, B®(rotated 90°)  deleting end

points. (d) Result

of three cycles of

thinning. (¢) End

points of (d).

(f) Dilation of end

points condi-

tioned on (a).

(g) Pruned image.
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Marker, F

Marker dilated by B

Geodesic dilation, Dc(l)(F)

Mask, G

FIGURE 9.26
Tlustration of
geodesic dilation.
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D
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el
Marker, F
Marker eroded by B Geodesic erosion, E((;l)(F)
Mask, G
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FIGURE 9.27
Ilustration of
geodesic erosion.
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FIGURE 9.28

Hlustration of

morphological

reconstruction by

3 dilation. F, G, B

(1), o (.
DY(F) dilated by B D) and D)(F) are

(F) dilated by B D'

from Fig. 9.26.

(3) o (4) (4) o (5) - pD
DG (F) dilated by B DG (F) DG (F) dilated by B Dc.' (F)= RG (F)
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ponents or broken connection paths. There is no poif
tion past the level of detail required to identify those
Segmentation of nontrivial images is one of the mog
egmentation accu etermines the evi
of computerized analysis procedures. For this reason,
be taken to improve the probability of rugged segment
such as industrial inspection applications, at least some|
the environment is possible at times. The experienced
designer invariably pays considerable attention to suc
p th Th p
tth 1 fdt q dt d tf th
tt

th p bblt
pt pp]
bl tt

ab

cd

FIGURE 9.29 (a) Text image of size 918 X 2018 pixels. The approximate average height
of the tall characters is 50 pixels. (b) Erosion of (a) with a structuring element of size
51 x 1 pixels. (c) Opening of (a) with the same structuring element, shown for
reference. (d) Result of opening by reconstruction.

© 1992-2008 R. C. Gonzalez & R. E. Woods
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OPENING BY RECONSTRUCTION

ponents or broken connection paths. There is no poi
tion past the level of detail required to identify those
Scgmentation of nontrivial images is one of the mo
processing. Segmentation accuracy determines the ev
of computerized analysis procedures. For this reason, ¢
be taken Lo improve the probability of rugged segment
such as industrial inspcction applications, at least somd
the environment is possible at times. The experienced
designer invanably pays considerable atiention to sue
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FIGURE (a) Text image of size 918 X 2018 pixels. The approximate average height
of the tall characters is 50 pixels. (b) Erosion of (a) with a structuring element of size
51 X 1 pixels. (¢) Opening of (a) with the same structuring element, shown for
reference. (d) Result of opening by reconstruction.
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FIGURE 9.30
Illustration of
hole filling on a
simple image.
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ponents or broken connection paths. There is no poi
tion past the level of detail required to identify those

Segmentation of nontrivi
processin,

Segmentation accuracy determines the ev,
of computerized analysis procedures. For this rez
be taken to improve the probability of rugged seg
such as industrial inspection applications, at least some|
the environment is possible at times. The experienced
designer invariably pays considerable attention to suc
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FIGURE 9.31

(a) Text image of
size 918 X 2018
pixels. (b) Com-
plement of (a) for
use as a mask
image. (¢) Marker
image. (d) Result
of hole-filling
using Eq. (9.5-29).
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ponents or broken connection paths. There is no poi
tion past the level of detail required to identify those

Segmenlation of nontrivial images is one of the mo;
processing. Segmentation accuracy determines the ev

of computerized analysis procedures. For this reason,
be taken to improve the probability of rugged segment
such as industrial inspection applications, at least somg
Lthe environment is possible at times. The experienced
designer invariablv pays considerable attention to suc

ponents or broken connection paths. There is no poir
tion past the level of detail required to identify those «

Segmentation of nontrivial images is one of the mot
processing. Segmentation accuracy determines the ev
of computerized analysis procedures. For this reason, <
be taken to improve the probability of rugged segment
such as industrial inspection applications, at least some
the environment is possible al times, The experienced i
designer invariably pays considerable attention to sucl

pencnts or breken cennectisn paths.

tien past the level of detail required te identify these
Segmentatien of nentrivial images is enc of the me

precessing. Segmentatien accuracy determines the ev

of cemputerized analysis precedures. Fer this rcasen,

be taken te impreve the prebability sf rugged segment
such as industrial inspection applicatiens, at least seme
Lhe envirenment is possible at times. The experienced

designer invariably pays considerable atientien te suc

1 — I(x,y) if(x,y)ison the border of /
F(x,y) = , .5-28
(x, ) 0 otherwise © )
H=R2(F)| (9.5-29)

o D
oo

(a) Text image of
size 918 X 2018
pixels. (b) Com-
plement of (a) for
use as a mask
image. (c) Marker
image. (d) Result
of hole-filling
using Eq. (9.5-29).
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ponents or broken connection paths. There is no poi
tion past the level of detail required to identify those

Segmentation of nontrivial images is one of the mo
processing. Segmentation accuracy determines the ev

of computerized analysis procedures. For this reason,
be taken to improve the probability of rugged segment
such as industrial inspection applications, at least some
the environment is possible at times. The experienced
designer invariably pays considerable attention to suc

ab

FIGURE 9.32

Border  clearing.
(a) Marker image.
(b) Image with no
objects  touching
the border. The
original image is
Fig. 9.29(a).

© 1992-2008 R. C. Gonzalez & R. E. Woods
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ponents or broken connection paths. There 1s no poi
tion past the level of detail required to identify those Border clearing.

Segmentation of nontrivial images is one of the mo (a) Marker image.
processing. Segmentation accuracy determines the ev
of computerized analysis procedures. For this reason,

(b) Image with no
be taken to improve the probability of rugged segment ObJECtS tOUChlng
such as industrial inspection applications, at least some the border. The
the environment is possible at times. The experienced origmal image is
designer invariably pays considerable attention to suc F]g. 929(3)

I(x,y) if(x,y)ison the border of /

9.5-30
0 otherwise ( )

X =1— R, (F) (9.5-31)
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FIGURE 9.33 Five
basic types of

B B structuring

I I elements used for
binary morphol-
ogy. The origin of

x| x i . each element is at
x|B'i=12,34 |[x[ [x|B'i=12...,8 its center and the
x|[x| (rotate 90°) (rotate 45°) x's indicate
I v “don’t care™
values.
X i .
B'i=1,2,34 B'i=5,6178
% (rotate 90°) (rotate 90°)
A%

© 1992-2008 R. C. Gonzalez & R. E. Woods
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SUMMARY OF MORPHOLOGICAL OPERATIONS ON BINARY IMAGES

B B
I II
X | X ) .
x| B"i=1,2,3,4 <[ x| B'"i=1,2,...,8

5 x|x]  (rotate 90°) (rotate 45°)
1l v
E B'i=1,2,3,4 B'i=5,6,7,8
: X (rotate 90°) (rotate 90°)
Z \Y
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Comments
(The Roman numerals refer to the
Operation Equation structuring elements in Fig. 9.33.)
Translation (B), = {wlw=b+z, Translates the origin
for be B} of B to point z.
Reflection B= {w|w = —b. forbe B} Reflects all elements of
B about the origin of this set.
Complement A = {w|we A} Set of points not in A.
Difference A - B={wweA weB} Set of points that belong to A
= AN B but not to B.
Dilation A@B = {zl(l‘?,)ﬂ A# @} “Expands” the boundary
of A. (I)
Erosion ABGB = {zI(B)z [ A} “Contracts” the boundary of
A ()
Opening A-B=(A©B)®B Smoothes contours, breaks

narrow isthmuses, and
eliminates small islands and
sharp peaks. (I)

© 1992-2008 R. C. Gonzalez & R. E. Woods

(Continued)

TABLE 9.1
Summary of
morphological
operations and
their properties.
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Comments
(The Roman numerals refer to the
Operation Equation structuring elements in Fig. 9.33.)
Translation (B), = {w|jw =>b + z, Translates the origin
forbe B} of B to point z.
Reflection B = {w|w = —b, forbe B} Reflects all elements of
B about the origin of this set.
Complement A = {w|lwe A} Set of points not in A.
Difference A— B ={wlwe A, we¢ B} Set of points that belong to A
= AN B¢ but not to B.
Dilation A®B = {z| (EZ) NA# @} “Expands” the boundary
of A. (I)
Erosion AS©B = {z| (B),C A} “Contracts” the boundary of
A. (D)
Opening A°B=(A©SB)®B Smoothes contours, breaks

narrow isthmuses, and
eliminates small islands and
sharp peaks. (I)

(Continued)
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Comments
{The Roman numerals refer to the

- [(A©KB) « B}

Reconstruction of A:

IS
A = [ J(SiA)e kB)
k=0

Si(A). In all three equations,
K is the value of the iterative
step after which the set A
erodes o the empty set. The
notation (A & kB) denotes the
kth iteration of successive
erosions of A by B. (1)

© 1992-2008 R. C. Gonzalez & R. E. Woods

(Continued)

Operation Equation structuring elements in Fig. 9.33.)

Closing A*B=(A8BOB Smoothes contours, fuses

narrow breaks and long thin
gulfs, and eliminates small
holes. (1)
Hit-or-miss AB R = (ASB)N(ASEB,) Theset of points (coordinates)
transform = (AOB) - (A® ;SZJ al which, simultancously, B;
found a mateh (“hit”) in A
and B; found a match in A TABLE 9.1
Boundary  B(A) = A - (AGB) Set of points on the boundary (Continued)
extraction ofset A. (1)

Hole filling X = (X @Bna; Fills holes in A; X, = array of
k=1,23,... Os with a 1 in each hole. (1)

Connected X = (X8 B} mA; Finds connected components

components g = 1.2 3. in A; Xy = array of Os with a
1 in each connected
component. (1)

Convex hull  X§ = (X§_,® B)U A; Finds the convex hull C(A) of
i=1,234: set A, where “conv” indicates
k=123,...; convergence in the sense that
X} = A;and X4 = Xi_ . (1)

D=Xxi,,

Thinning A@B=A-(A®B) Thins set A. The first two
=AN(A® By equations give the basic defi-

A®{B} = nition of thinning. The last

((...((A®B"Y@B%)...)®@B")  equations denote thinning

{BY={B" B F,... B} by a sequence of structuring
elements, This method is
normally used in practice. (IV)

Thickening AGB=AU(A®B) Thickens set A. (See preceding
AB (B} = comments on sequences of
(..(Ae@BYO B .. o B structuring elements. ) Uses IV

x with (s and 1s reversed.
Skeletons S(A) = [JSe(4) Finds the skeleton S(A) of set
w2 A. The last equation indicates
that A can be reconstructed
Si(A) = ASDKB
H4) H{( ) from its skeleton subsets
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Closing A*B=(A®B)SB Smoothes contours, fuses
narrow breaks and long thin
gulfs, and eliminates small
holes. (I)

Hit-or-miss A®B=(ASB)N(A©B,) The set of points (coordinates)

transform = (ASB) - (A® fgz) at which, simultaneously, By
found a match (“hit”) in A
and B, found a match in A°

Boundary B(A)=A - (ASB) Set of points on the boundary

extraction of set A. (I)
Hole filling X = (X1 ® B)N A% Fills holes in A; X, = array of
k=1,2,3,... 0Os with a 1 in each hole. (II)
Connected Xy = (Xe-1© B) N A; Finds connected components
components g =123, ... in A; X, = array of Os with a

Convex hull

Prepared by Kazim Fouladi | Fall 2016 | 2"d Edition
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i = (XjL ®B)U A

1 in each connected
component. (I)

Finds the convex hull C(A) of

i=1,2,3,4; set A, where “conv” indicates
k = 1,2,3,...; convergence in the sense that
X_f) = A; and = X1 (IIT)

Dl = XlCOl’lV
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Thinning A®B=A—- (A®B) Thins set A. The first two
= AN(A® B equations give the basic defi-
A®{B} = nition of thinning. The last
((...(A®BY®B?...)®B")  equations denote thinning
{B} = {B',B* B°,...,B"} by a sequence of structuring

elements. This method is
normally used in practice. (IV)

Thickening AOB=AU(A® B) Thickens set A. (See preceding
AO{B} = comments on sequences of
((...(A®BYHYOB*...)®B") structuring elements.) Uses IV

< with Os and 1s reversed.

Skeletons S(A) = |JSk(A4) Finds the skeleton S(A) of set

k=0 A. The last equation indicates
K
S, (A) = U ((ASkB) that A can be reconstructed
k=0 from its skeleton subsets
— [(A©kB) ° B]} Si(A). In all three equations,

K is the value of the iterative
step after which the set A
erodes to the empty set. The
notation (A © kB) denotes the
kth iteration of successive
erosions of A by B. (I)

Reconstruction of A:

A= G(Sk(A) © kB)
k=0

Prepared by Kazim Fouladi | Fall 2016 | 2"d Edition
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Comments
(The Roman numerals refer to the

© 1992-2008 R. C. Gonzalez & R. E. Woods

Operation Equation structuring elements in Fig. 9.33.)
Pruning X, = A® {B} X, is the result of pruning set A.
8 The number of times that the
X, = Uxie By first equation is applied to
k=1 obtain X; must be specified.
X;=(X®H)NA Structuring elements V are used
- for the first two equations. In
Xy= X UK the third equation H denotes
structuring element I.

Geodesic DY(F) = (F&B)NG F and G are called the marker ng::i:;;le d)
dilation of and mask images, respectively. (
size 1

Geodesic DP(F) = DY[DE (F));
d_llnlmn of D{:';“(F) =P
size n

Geodesic EU(F) = (FEB)UG
crosion of
size 1

Geodesic Eg"(F) = E};’[E‘;‘“(F)]:
erosion of ESF)=F
size n

Morphological R?,-(F) = Dg-‘){F) k is such that
reconstruction DE(F) = DEV(F)
by dilation

Morphological RE(F) = EE"(F) k is such that
reconstruction EX(F) = E&)(F)
by erosion

Openingby ~ OR'(F) = RR[(F©nB)| (F ©nB) indicates n
reconstruction erosions of F by B.

Closing by
reconstruction C‘;J( F)=Rf [(F @ nB)) (F @ nB) indicates n

dilations of F by B.

Hole filling H = [R?(F)]‘ H is equal to the input

Border clearing

X =1~ RP(F)

image [, but with all holes
filled. See Eq. (9.5-28) for
the definition of the marker
image F.

X is equal to the input

image /. but with all objects
that touch (are connected
to) the boundary removed.
See Eq. (9.5-30) for the
definition of the marker
image F.




V.9 6)59-.‘.-;-"6«::"';'&'!
(529999 9Ll 59 3 (3591 9990 lakes SaudA

Pruning X, = A® {B} X, is the result of pruning set A.
8 The number of times that the
X, =Jx,® BX) first equation is applied to
k=1 obtain X; must be specified.
X;=(X,®@H)NA Structuring elements V are used
X, = X, U X; for the first two equations. In

the third equation H denotes
structuring element I.
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-
’M’?b/



Prepared by Kazim Fouladi | Fall 2016 | 2"d Edition

VY-

EPgolS b

(529999 9Ll 59 3 (3591 9990 lakes SaudA

(F®B)NG

[0l )

(FOB)UG
(l)[E(G”_l)(F)};
DE(F)

EG(F)

Geodesic D (F) =
dilation of
size 1

Geodesic Dgl)(F ) =
d'1lat10n of Dg))( F)=F
size n

Geodesic E(Gl)(F ) =
erosion of
size 1

Geodesic (n)(F ) =
erosion of (0)( F) =
size n

Morphological R&(F) =
reconstruction
by dilation

Morphological RE(F) =
reconstruction
by erosion

P

F and G are called the marker
and mask images, respectively.

k 1s such that
DW(F) = DE*D(F)

k is such that
EX(F) = E&*V(F)
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Opening by OWN(F) = R2[(F ©nB)] (F © nB) indicates n
reconstruction erosions of F by B.
Closing by
reconstruction C %)(F ) = RE [(F & nB)] (F @ nB) indicates n
dilations of F by B.
Hole filling H = [R?(F )]C H is equal to the input

image I, but with all holes
filled. See Eq. (9.5-28) for
the definition of the marker
image F.

Border clearing X = I — RP(F) X is equal to the input
image I, but with all objects
that touch (are connected
to) the boundary removed.
See Eq. (9.5-30) for the
definition of the marker
image F.
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FIGURE 9.34
Nonflat and flat
structuring
elements, and
corresponding

Nonflat SE Flat SE horizontal

intensity profiles
through their

center. All
examples in this
section are based
on flat SEs.

Intensity profile Intensity profile
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Nonflat and flat

structuring
Nonflat SE Flat SE elements, and
corresponding
horizontal
intensity profiles
through their
center. All
examples in this
section are based

Intensity profile Intensity profile on flat SEs.
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(a) Original
image. (b) Result
of dilation.

{c) Result of
erosion.

FOb|(x.y) = max {f(x =5,y = 1)}

Prepared by Kazim Fouladi | Fall 2016 | 2"d Edition
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(a) Opening and (b) closing
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Morphological Smoothing
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abec

FIGURE 9.35 (a) A gray-scale X-ray image of size 448 X 425 pixels. (b) Erosion using a
flat disk SE with a radius of two pixels. (c) Dilation using the same SE. (Original image
courtesy of Lixi, Inc.)

© 1992-2008 R. C. Gonzalez & R. E. Woods
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FIGURE (a) A gray-scale X-ray image of size 448 X 425 pixels. (b) Erosion using a
flat disk SE with a radius of two pixels. (¢) Dilation using the same SE. (Original image
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— Intensity profile

oooOooD

FIGURE 9.36
Opening and clos-
ing in one dimen-
sion. (a) Original
1-D signal. (b) Flat
structuring
element pushed up
underneath the
signal.

(c¢) Opening.

(d) Flat structuring
element pushed
down along the top
of the signal.

(e) Closing.

© 1992-2008 R. C. Gonzalez & R. E. Woods
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Opening and clos-
ing in one dimen-
sion. (a) Original
1-D signal. (b) Flat
structuring
element pushed up
underneath the
signal.

(c) Opening.

(d) Flat structuring
element pushed
down along the top
of the signal.

(e) Closing.
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abc

FIGURE 9.37 (a) A gray-scale X-ray image of size 448 X 425 pixels. (b) Opening using
a disk SE with a radius of 3 pixels. (c) Closing using an SE of radius 5.

© 1992-2008 R. C. Gonzalez & R. E. Woods



vy ErgsdlS (il
S rusla mhaw 5591 995 90
JGs

GRAY-SCALE MORPHOLOGY

al I i

FIGURE (a) A gray-scale X-ray image of size 448 X 425 pixels. (b) Opening using
a disk SE with a radius of 3 pixels. (c) Closing using an SE of radius 5.
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FIGURE 9.38

(a) 566 X 566
image of the
Cygnus Loop
supernova, taken
in the X-ray band
by NASA’s
Hubble Telescope.
(b)-(d) Results of
performing
opening and
closing sequences
on the original
image with disk
structuring
elements of radii,
1,3,and 5,
respectively.
(Original image
courtesy of
NASA.)
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(a) 566 X 566
image of the
Cygnus Loop
supernova, taken
in the X-ray band
by NASA’s
Hubble Telescope.
(b)—(d) Results of
performing
opening and
closing sequences
on the original
image with disk
structuring
elements of radii,
1,3,and 5,
respectively.
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FIGURE 9.39

(a) 512 X 512
image of a head
CT scan.

(b) Dilation.

(c) Erosion.

(d) Morphological
gradient, compu-
ted as the
difference be-
tween (b) and (c).
(Original image
courtesy of Dr.
David R. Pickens,
Vanderbilt
University.)

© 1992-2008 R. C. Gonzalez & R. E. Woods



Prepared by Kazim Fouladi | Fall 2016 | 2" Edition

YV

st s (555198,99

$r9uaolS ilins

GRAY-SCALE MORPHOLOGY

ab
el ld

(a) 512 X 512
image of a head
CT scan.

(b) Dilation.

(c) Erosion.

(d) Morphological
gradient, compu-
ted as the
difference be-
tween (b) and (c).

&
&

JGa




Digital Image Processing, 3rd ed.
Gonzalez & Woods

www.ImageProcessingPlace.com

Chapter 9
Morphological Image Processing

o=
7\
S

v
AR YU
Qg

ab
cde

FIGURE 9.40 Using the top-hat transformation for shading correction. (a) Original image of size
600 > 600 pixels. (b) Thresholded image. (¢) Image opened using a disk SE of radius 40. (d) Top-hat
transformation (the image minus its opening). (e) Thresholded top-hat image.

© 1992-2008 R. C. Gonzalez & R. E. Woods
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ab
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Using the top-hat transformation for shading correction. (a) Original image of size
600 x 600 pixels. (b) Thresholded image. (¢) Image opened using a disk SE of radius 40. (d) Top-hat
transformation (the image minus its opening). (¢) Thresholded top-hat image.
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FIGURE 9.41 (a) 531 X 675 image of wood dowels. (b) Smoothed image. (¢)-(f) Openings
of (b) with disks of radii equal to 10, 20, 25, and 30 pixels, respectively. (Original image
courtesy of Dr. Steve Eddins, The MathWorks, Inc.)

© 1992-2008 R. C. Gonzalez & R. E. Woods
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(a) 531 X 675 image of wood dowels. (b) Smoothed image. (c)-(f) Openings
of (b) with disks of radii equal to 10, 20, 25, and 30 pixels, respectively.

J—



3 ital J
mage
X 4 Jﬂc?si! ng

e
% &1
= , B s &
.

R -
PIm———

© 1992-2008 R. C. Gonzalez & R. E. Woods

Digital Image Processing, 3rd ed.

Gonzalez & Woods
www.ImageProcessingPlace.com

Chapter 9

Morphological Image Processing

Differences in surface area

23

x 108

FIGURE 9.42
Differences in
surface area as a
function of SE
disk radius, r. The
two peaks are
indicative of two
dominant particle
sizes in the image.
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Differences in surface area
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Differences in
surface area as a
function of SE
disk radius, r. The
two peaks are
indicative of two
dominant particle
sizes in the image.
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FIGURE 9.43
Textural
segmentation.
(a) A 600 x 600
image consisting
of two types of
blobs. (b) Image
with small blobs
removed by
closing (a).

(c) Image with
light patches
between large
blobs removed by
opening (b).

(d) Original
image with
boundary
between the two
regions in (¢)
superimposed.
The boundary was
obtained using a
morphological
gradient
operation.

© 1992-2008 R. C. Gonzalez & R. E. Woods
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Textural
segmentation.
(a) A 600 X 600
image consisting
of two types of
blobs. (b) Image
with small blobs
removed by
closing (a).

(c) Image with
light patches
between large
blobs removed by
opening (b).

(d) Original
image with
boundary
between the two
regions in (c)
superimposed.
The boundary was
obtained using a
morphological
gradient
operation.
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FIGURE 9.44 (a) Original image of size 1134 X 1360 pixels. (b) Opening by reconstruction of (a) using a
horizontal line 71 pixels long in the erosion. (¢) Opening of (a) using the same line. (d) Top-hat by
reconstruction. (e) Top-hat. (f) Opening by reconstruction of (d) using a horizontal line 11 pixels long.
(g) Dilation of (f) using a horizontal line 21 pixels long. (h) Minimum of (d) and (g). (i) Final reconstruction
result. (Images courtesy of Dr. Steve Eddins, The MathWorks, Inc.)
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(a) Original image of size 1134 X 1360 pixels. (b) Opening by reconstruction of (a) using a
horizontal line 71 pixels long in the erosion. (¢) Opening of (a) using the same line. (d) Top-hat by
reconstruction. (e) Top-hat. (f) Opening by reconstruction of (d) using a horizontal line 11 pixels long.
(g) Dilation of (f) using a horizontal line 21 pixels long. (h) Minimum of (d) and (g). (i) Final reconstruction
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