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EXAMPLE 9.1k
Mhestration of

L |
opcning and
clomangz,

i b
FMGURE 9.31 i) Ubpenimg ancd (B closig of Fig 92900, (0 ouriesy ol M, Ao Mo,
Leica Cambridae, Lid.)

Sreoilarly, the clusing operaton salshes he [ollowing properiiss:

) Faifeb).
Gi) IF . fan then (f 0 h)affe 0],

(i} [ f=b)=b=f=b

The wsefulness of these expressions is similar fo that of their binary counterpans

8 Fipure 9.31(a) shows the result of apening the image in Fig, 9.2%(a) with the
same slructuring clement wsed there. Mote the decreased sizes of the small,
Trvigho ddetails, with noe appreciable effect on the darker gray levels, Fizure 9.21{h)
shomws the closing of Fg W2k a) Note the deereased sizes of the small, dark des
Cails, with relatively litie effect on the Bright leatures, [ |

7.6.4 Some Applications of Gray-Scale Morphology

W conclude the dizcussion of morphological technigues by presenting in some
detatl various applications of grav-scale motphology. Unless stated othorwise
all the mmages shown are of size 312 = 512 and were processed] by wsiong U
siructuring clement discussed in connection with Fig. 9.2,

Muorphological smoothing

Choe way Lo achieve smosthing s W perform a mombelosncal opening Gollowed
by a clesing. The net result of these two operations is to remove of attenuale
buth bright and dark artifacts or noise. Pigure 922 shows a smoothed version
of the image shown in Fig. 9.29(0a).

Morphological gradient

In additiom Lo the operations discussed carlier in connection with the remaoval
ol simall Jack and brightl artifocts, dilaiion and erosion oflen are used 10 com

b6 B Exlensions bo Gra w5l Images

RE 9.32 Morphologival smoothing of the image in Fig 9724900, (C0uriesy of Mr, AL
arris, Loica Cambridee, L)

it the morphological gradient of an image, dennted g
g=(FBb) — (fOhm). {9.6-7)
433 shows the resnlt of computing the morphological gradient of the image
e in Fig, 9.29a). As expected, the morphological gradient highlights sharp
y¥-level transitions in the input image. As opposed Lo gradients obtained osing
methods discussed in Section 3.7.3, morphological gradients obiained using
mmetrical structuring clements temd 10 depend less on edge directionality.

3-hat transformation

& so-called morphological top-hat transformartion of an image, denoted i,
‘defined a5

h=f - (f + b (9. 6-8)

E9.33 Morpholomical rradient of the Image in Fig 20a ) (Coariesy of Mr, A,
i8, Loica Cambridge, 1ol
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