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554 Chapter 9 & Morphological Image Processing

These ellects clearly are visible in Fig. 9.2 b). Not only docs the image appear
hrighter than the ariginal, hut the sizes of dark features, such as the nostrils and
the dark components of Lthe studded rem extending from the cars down to the
neck, have heen reduced. Figure 9,29(c) shows the resull of eroding the vriginal
image, Nole the opposite ellect to dilation. The eroded image is darker, and the
sizes of small, hright features (such as the studs o the rein) were reduced. @

2.6.3 Opening and Closing

The expressions for opening and closing of gray-scale images have the same
form as their binary counferparts The opening of wnage by subtmage (siruc-
luriny element) b, denoled £ = b, i5

fab=(fSh @b (9.6

As in the hinary case, opening is simply the erosion of £ by &, lollowed by a di-
lation of the result by . Similarly, the closing of Fhy b, denoted b, is

fb=(fabp Bk (9.6-5)

The opening and closing for prav-scale images are duals wilh respect Lo com-
plementation and reflection. That is,

(Feb) = feah. (9.6-6)
Because f7 Tix, v), Eq.(9.6-6) can be wrillen also as—(f « h) = [—f = &].
Opening and closing of images have a simple geometric interpretation,
Suppose that we view an unage [uoclion (r, ¥} in A-D perspective (ke o re-
liel map], with the x- and v-axcs heing the usnal spatial coordinates and the
third axis being pray-level values In this repressntlalion, lhe image sppears as
a discrele surface whose value at any point { x, v} is the value of far those co-
ordinates. Suppose thal we open by a spherical slructuring element, b, vicw-
ing this element as a “rolling ball.” Then rthe mechanics of apening My b may
e interpreted peometcically as the process of pushing the ball against the us-
derside of the surface, while at the same time rolling it 5o that the entire un-
derzide of the suclace is iraversed, The opening, f o b, then is the surface of the
highest points reached by any part of the sphere as it slides aver the envire
underaurface of f
Figure Y30 il lustrates this concepr. Figure 9.30(a) shows a scan line of o grave
scale image as @ continuous [unclion o simplily the illustration. Figore Y.30(h)
shows Lhe rolling ball in various positions, and Fig. 9.300c]) shows the compleie
resnlt of opening My b along the scan line, All Lhe peaks that were narrow with
respect Lo the diameter of the ball were reduced in amplitude and shacposss, In
pracrical applications, opening operalions usually are applicd to remave small
{wilh respect to the sive of the structuring element) lipht details, while leaving
the everall gray levels and larger bright features relatively undisturbed. The ini-
tial erosion removes the small details, bot it also darkens the image, The subse-
quent dilation again increases lhe overall inlensity of the image without
reintroducing the detailzs tetally remosed Ty erosion,
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s Figures 9.300d) and (&) show the resull of closing £ by &. Here, the ball slides
top ol lhe surface, and peaks casentially are left in their origios] Docm
Bsuming that their separation at the narrowesl poinl exceeds Lhe diameter of
Ball). In practice, closing is generally used oo remove dark derails from an
pe, while leaving righit features relutively undisturbed. The initial dilation
ovies Lhe dark details and brightens the image, and the subsequent erosion
tkens the image without reintroducing the details removed by dilation. It is
interest Lo compare Fig. 9.3 with Figs. 9.8 and 9.9,
he grav-seale opening operalicn salisfes the lollowing properties:
e h).f
0 fi oSz then (= B)o(f = b).
if=h)=h=7f~h

nolation €. r 15 wsed to indicate that the domain of @ iz 3 subset of the do-
i of r, and also that el x, v) = flx, ¢) for any (x, ¥) 0 the domain of 2.
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FIGURE 9.30

[a] A pray-scalc
sean lime,

{b) Positions of
iodling Esall Tor
opeming,

{c) Result of
opeming,

{d} Poaltions of
._.____.__._ﬂ Fall Ter
closing, {c] Feanl
of closing.




