666 Chapler 11 @ Reprosentation and [escription

aboa

FIGURE 1122 "The while squares mark, from left to right, amooth, coarse, and regular texiures. These are
optical microscope images of a superconducior, human cholesterol, and & meeroprocessos, (Coriesy of
L. Melichae | W, Diavidacn, Florida Starc University )

erainy, and so on, Structural fechniques deal with the arrangement of image
primitives, such as the description of texture based on repularly spaced paral-
L] Lines, Speciral technigues are based on propertics of the Fourier spectrum and
arc used primarily o detect global penodicily in an image by identifving high

energy, narow peaks in the spectrom.,

Statistical approaches

{nc of the simplest approaches lor describing lexiure is Lo uss stalistical mo
renls o the gray-level histogram of an image or region. Let £ he a random
variahle denoting gray levels and let plz).i=0,1,2,..., L — 1, be the corre-
sponding histogcam, where L ois the oumber of distinct grav levels. From
Fa. {3.3-14), the nth moment of 7 aboul the mean 15

ol = m"plz) {11.3-4)

where m s the mean value of 2 (the average gray level )

I.

m = 3 2pz) {11.33)
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Nore from Eq.(11.5-4) that p, - 1 and g, = 0. The second moment [the var-
ance (21 = polz)] is of particular importanes in texture description, It is a
measure of gray-level contrast that can be used Lo establish deseriptors of rel-
ative smoslhoess For cxample, the measure

i,
L idearz)

(11.3-85)

is 01 [or areas of constant intensity (Lhe varianee is zero there) and approaches
L for large values of o7i 2}, Becanse variance values lend 1o e large for gray-
scale images with valucs, for example, in the range 00 235,10 a pood idea to
normalize the variance w the interval [1), 1] for use in Eq. (11.3-6). This is done
simply by dividing eor'{2) by (L — 1) in Eqg. {11,3-6). The standard deviation,
,also is wsed frequently as a measure of texture because valies of the stan-
dard deviation tend 1o e more intwitive Lo many peaple.
The third moment,

) plz) {11.3-7)

daj g

i g measure of the skewness of the histogram while the fourth moment is a
mecasure of its relative flatness. The filth and higher moments are nol s0 easily
related to histogram shape, but they do provide further quantitative discrimi-
nation of lexlure centent. Some uselul additional texture measures based on
histoprams inclode a measure of “uniformity.” given by
T
4] _M_ ) {11.3-K)
and an average entropy measure, which the reader might recall from basic in-
formation thewry, or from our discussion in Chapter &, is defined as
L-1
e = =% plz)loe #z). [11.3-9)

LY

Beocause the p's have values in the range [U, 1] and their sum cquals 1, measurs
U s maximum for an image in which all gray levels are eqgual (imaximally uni-

form), and decreases from there. Entropy is a measure of variabilily and is 0
for a constant image.

B Table 11.2 summarizes Lhe values of the preceding measures for the three
types ol lextures highlighted in Fig. 11.22, The mean just tells ws Lhe average
eray level of cach region and is useful anly &5 a rough idea of intensity, not re-
ally texture. The standard deviation is much more informative; the numbers
clearly show that the first texture has significantly less varability in gray level
{it iz smoother) than the other two textures. The coarse texture shows up elean

ly in this measurc. As expecled, the same comments hold for R, because it mea-
surcs cssentally the same thing as the standard deviation. The third moment
generally is usefnl for determining the degree of symmelry of histegrams and
whether they are skewed (o the left {ncgative value) or the right (positive value).
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