RAI Chopler 9 ® Morphological Image Processing
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FIGURE .26 [ive basic types of sitecturing elements used for himary morphology, The
ofigin of cach clement = at its conter and the ='s indicate “don't carc” valocs

E Extensions to Gray-5cale Images

Ton thus section we extend o grav-scale images the Basic operations of dilation,
crosion, opening, and closing. We then use these operations w develop several
basic pray-scale morphological alpocithing, In pacticular, we develop algorithims
for boundary extraction via a morphological gradient operation, and for regon
parbitioning baged on lexture content, We also discuss alporithuns for simooths
ing and sharpening, which oftcn arc uscful as pre- or postprocessing steps

Throughoul the discussions that follow, we deal with digital image functions
of the form f(x, ¥) and b x, ¥), where fi(x, ) is the input image and A x, v) 8
a slrucluring element, itsell a subimage luociion. The assumpticon is (hat these
functions arc discrete in the sense introduced in Scction 2.4.2. That s, if & de-
noles the sel of real inlegers, the assumption s that (x, v) are wnlepers rom
# » ¥ and that fand b arc functions that assign a gray-level value (a real nume
ber from Lthe sel of reul numbers, ) o each distinet pair of coordinates (5, ¥)
If the grav levels also are infegers, & replaces 8.

7.6.1 Dilation
Caray-scale dilation of Fby b, denoted F &0, is defined as

ifehst) =
fiiHEY T;... — £t — ¥} M y)|(s — x).{t — y)eDi(x ¥) mh__L (9.6-1}

where D, and I}, are the domains of fand b, respectively. Keep in mind that f
and & arc functions, rather than scts, 85 1% the case in bnary morphology.

The condition that (s — =) and [f — ») have 1o be in the domain of [, and 5
and ¥ have to be in the domain of [, 15 analogous to the condition e the bines
oy delinition of dilation, where the (wo stz bave (o overlap by at least ong
clement. Note also that the form of Eqg. (9.6-10 is similar to 2-1 convolotion
| By 04.2-30)]. with thee o operation replocing the sums of convolulion and the
additien replacing the products of convolution.

We illustrate the nolalion and mechanics of Eq. (926-1) by means of simple 1-D
functions. For functions of one variable, Eq. (9.6-1) reduces Lo the expression

[f &b)(s) =max{f{s —x) +b(x)|{s —x)eD, and xeb,).

Recall from the discussion of convolution that f{—x) is simply f{x} mirrored
ith respect to the arigin of the « axis, As in convolulion, the function s — x)
moves 1o the righl for positive 5, and to the left for negative s, The requirements
hat the valuc of (£ — «} has 1o be in the doman of fand that the value of & has
B be in the domain of & imply that Fand & overlap, As noled in the previous
paragraph, these conditions are analogeus W Lhe requirement in the hinary de
pition of dilation, where the two sets have to overap by al least one element.
ally, unlike the hinary case. [, ralher than the structuring clement b, is shift
l. Equation {*.6-1) could be written so that b undergoes runslation instead of
£ However, if Dy is simaller than D (a condition almest abways found in practics),
2 furm given in Eg. (%6-1) is simpler in terms of indexing and achieves the
e result. Conceptually. Msliding by & 15 really no different than & sliding by f
i [acl. although this cquation is casier to implement, the actual mechanics of
ay-seale dilation are easier o visualize if & 15 the function that slides past [
An example is shown in Fig. 9.27. Mote that at each position of the structur-
g clemcnt the value of dilalion al that point is the maximum of the sum of §
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E .27 {a) A sumple funciion, () Siructuring «lement of height A (0] Result of dila
i for vy positions of sliding & past £ (d) Complete resull of dilation (shown sobid).
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