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FIGURE 9.1

(a) Twosets A
and B. (b) The
union of A and B.
() The
intersection of A
and B. (d) The
complement of A.
(e) The difference
between A and B.
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FIGURE 9.2

(a) Translation of
Abyz.

(b) Reflection of
B.'The sets A and
Bare [rom
Fig.9.1.
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FIGURE 9.4

(a) Set A.

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

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

(d) Elongated
structuring
clement.

(e) Dilation of A
using this
clement.
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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
recognize a date using "00"
as 1900 rather than the ?
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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
recognize 3 date using "00"
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FIGURE 9.5

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

(¢) Dilation of (a)
by (b). Broken
were

2000.
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FIGURE 9.6 (a) Sct A. (b) Square structuring clement. (¢) Erosion of A by B. shown
shaded. (d) Elqnga led structuring element. (¢) Erosion of A um:ing this clmm.fr}ll
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FIGURE 9.7 (a) Image of squares of size 1,3.3. 7.9, and 15 pixels on the side. (b) Erosion of (a) with a square
structuring element of 17, 13 pixels on the side. (¢) Dilation of (b) with the same structuring element.

\_—W \—‘V—_/
result of s utt o
eros\owvn bﬂ 'S d\‘&*\h mer(:)ded

e image witha .
liz\i';maac 13x 33 o\ \'s gtruciur Qj a\eme\r\f

© 2002 R. C. & R. E. Woods

Use ero:,; on 1o e\\,ml'r\&'\”ﬁ- ;‘”VG\GVO\V\*‘ (Smo.\\\) AQ‘\‘CLL\
Telecr a S+~ruc_’ﬂurmq\ c\ement 51\3 hﬂj smaller™ thom The
detals %owuum‘\i'\b keep



Digital Image Processing, 2nd ed. worwima ingbooiccom
Chapter 9
Maorpholagical Image Pracessing

A B = J{(B)(B).C A)

abced

FIGURE 9.8 (a) Structuring clement 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).
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FIGURE 9.9 (a) Structuring clement 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 9.11

(a) Noisy image.
(¢) Eroded image.
(d) Opening of A.
(d) Dilation of the
opening.

(¢) Closing of the
opening. (Original
image for this
example courtesy
of the National

Institute of
Standards and

[(A-B)“B|SB=(A-B)-B “Technology.)
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FIGURE 9.13 (a) Set
A.(b) Structuring
clement B.(¢) A
¢roded by B.

(d) Boundary. iven
by the set
difference between
A and its crosion.
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FIGURE 9.14

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

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

Fig. 9.13(b).
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FIGURE 9.16 (a) Binary image (the white dot infjde one of the regions is the starting
point for the region-filling algorithm). (b) Result Af filling that region (¢) Result of fill-
ing all regions.
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B as qiuen assurmes

abc
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FIGURE 9.17 (a) Sct A showing inilial point p (all shaded points are valued 1. but are
shown different from p to indicate that they have not yet been found by the algorithm).
(b) Structuring element. (¢) Result of first iterative step. (d) Result of second step.
(¢) Final result.
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FIGURE 9.18

(a) X-ray image
of chicken filet
with bone
fragments,

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

5 X Sstructuring
clement of 17s.
(d) Number of
pixels in the
connected
components of
(¢). (Image
courtesy of NTB
Elektronische
Geraete GmbH,
Dicpholz,
Germany.,
www.ntbxray.com.)
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FIGURE 9.19

(a) Structuring
clements. (b) Set
A. (¢)-([) Results
of convergence
with the
structuring
clements shown
in (a). (g) Convex
hull. (h) Convex
hull showing the
contribution of
cach structuring
clement.
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FIGURE 9.20 Result of limiting gmi th of convgx hull agorithm to the maximum di-
mensions of the uriginal set of point§ along the vprtical a horizontal directions.
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FIGURE 9.21 (a) Sequence of rotated structuring clements used for thinning. (b) Set A.

a
b ed (c) Result of thinning with the first element. (d)~(i) Results of thinning with the next
e f & sevenelements (there was no change between the seventh and eighth elements). (j) Re-
hij sultofusing the first element again (there were no changes for the next two elements).
k1 (k) Result after convergence. (1) Conversion Lo m-connectivity.
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