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(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(Db).

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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(a) Structuring
elements. (b) Set
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hull showing the
contribution of
each structuring
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elements used for
B’, BS, B7, B® (1otated 90°)  deleting end
points. (d) Result
of three cycles of
thinning. (e) End
points of (d).
(f) Dilation of end
points condi-
tioned on (a).
(g) Pruned image.
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Illustration of
geodesic dilation.
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FIGURE 9.28
Illustration of

morphological
reconstruction by
dilation. F, G, B
and Dg)(F) are
from Fig. 9.26.
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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.
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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. (c¢) Marker
image. (d) Result
of hole-filling
using Eq. (9.5-29).
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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. (¢) Dilation using the same SE. (Original image
courtesy of Lixi, Inc.)

O W AE RO, TR K 2 5<F BR A AN SO XA [ B
(fODb)(xy) = Db)(xy)
AF, fC=—f(x,y). KLU, A
(f @ b) = O Db)



9.6.2 FiR{EFFAIRIE

O KRG B M T E TR VR R AT, 5 {E UG I R f
BAAMRARTER. 2EHEhn B FIOTTERIER T Nf o b
fob=(fOb)®D
FAhH, bxtfRIAERIER T NS b, BIf-b=(f@b)Ob
1 P B 5 T R 0000 R R 5 ) T 1) S {1
(f - b)°= (f€ e HYRI(f o b)°= (f€ - b)

& Intensity profile

O Ll

B — M EUR R BN — A = 4E3R 0w, bXﬂLf 1] _ FIGURE 9.36
FHEAE T DU AR . ED IR IR AL /p\/\ﬁ//\yﬂ\ Cocahnisand e
E ’ ﬁﬁ%’ﬁi‘j\% % N\f E]q F%%ﬁ [lz'ﬂ J:j’&ij] é%ﬂ;@ sion. (a) Original

1-D signal. (b) Flat

LM = o W= gl -

TGl bHARARER 43 Bk B f e . PR e Bpering i
VeI TR 45 ¥ T AT ART 38 43 BT e 3104 1 % underneath the
/fEE a'{_:_( *@ @ ° ;(ch) C‘)F.Iening.

(e) Closing.

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

losing




9.6.2 FiR{EFFAIRIE

O HFEEH T E£BREVMIBA T, 1 RN IK B R BRI =
REAIEAH G AN AR

O PRV & hEgh s

O xﬁ%%%%ﬂﬁ%%%ﬁ%

PR P e R EE AR ERAR 1, BRI RE B R T IX SRR AT X T 45 M e
IR

SR EERAE, TTHERAEXS BRI RS R AL w0 ] 2 s AT

o PERAE SRR A R R SR, (EHIES CRERRAE,  H g9 R R T
ﬁ%%ﬁﬁﬁ? ﬁm%RT

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. (¢) Closing using an SE of radius 5.
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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.
(Original image
courtesy of
NASA.)
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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.)
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FIGURE 9.40 Using the top-hat transformation for shading correction. (a) Original image of size
600 x 600 pixels. (b) Thresholded image. (c) Image opened using a disk SE of radius 40. (d) Top-hat
transformation (the image minus its opening). (e) 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.)
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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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Textural
segmentation.
(d)Ab()() 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
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image with
houndar\
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regions in (c)
superimposed.
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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.)



