68 Chapter 11 ® Represenlation and Description

TABLE 11.2
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Stumdand Third
Texiore  Mean  deviation K {normaliced) momeni Unifiemity - Enfropy |
Smooth B2.64 1179 .02 ER 1) IRl 543
Coairse 143,56 T4, A3 LTS =151 QAN 7.783
Reprular W72 33.73 0.017 0750 RN 674

This gives a rough idea of whether the gray levels are biased toward the dark
or light side of the mean. In terms of texture, the information decived from the
third moment is useful only when varialions between measurements are large.
Looking at the measure of uniformity, we again conclude that the [irst subim-
age 15 stoother (more uniform than the rest) and that the most random {Towe-
cat uniformity ) corresponds to the coarse texiure, This is not surprising. Finally,
the entropy values are in the opposile order snd thus lead us to the zame con-
clusions as the uniformity measure did, The first subimage has the lowes) vari-
ation in gray level und the coarse image the most. The regular texture is in
hetween the twn extremes with respect to hoth these measures. ]

Measures of texture computed using only histograms suffer from the limila-
tion that they carry no information regarding the relative position of pixcls with
respoct to cach other. COne way to bring this tvpe of information il the exiure-
analvsis process = W constder not only the distribution of intensitics, but also
the positions of pivcls with equal or nearly equal infensity values,

Let P be a position operalor and lel & be a k= & matrix whose clement a,,
iw the number of times that points with gray level z occur (in the posilion ,uﬁn.n“
wied by ) relabive W points with gray level 7, with 1 == £, § == k. For instanece,
eonsider an image with three gray levels, z; = 0,z; = Loand 23 = 2, as follows:
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Defining the position operator P as “ane pixel to the tight and one pisel below®

vields the [ullowing 3 = 5 malnx A
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where, for example, g, (top left) s the oumber of imes thal o point with level
= U appears one pixel location below and to the right of a pixel with the
same grav level, and ay; (lop rght) 15 the number of tmes that a point with
level 7, = {) appears one pixcl location below and e the righe of a point with
gray level z, — 2, The size of A 15 delermined by Lhe number of distinet gray lev-
clsin the input image. Thus application of the conceprs discussed i 1his section
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usually requires that intensities be requantized into a few gray-level bands in
order to keep Lthe sizs of A manageahle.

Lt be the total number of peint pairs in the image that satisfy # (in the pre-
ceding cxample n = 16, the sum of all values in matrix A} I a maliix Cis
furmed by dividing every clement of A by n, then ¢ is an estimate of the joinl
probahility that a pair of peints satisfying P will have values | 2. z;). The matrix
C s called the gray-fevel co-pocurrence muotriv. Because € depends on #, the
prescnce of given texiure pallerns may b detected hy choosing an appropriale
posilivn operatorn. For instance, the operator used m the preceding cxample 1=
sensitive to hands of conslanl inlensity running at —45°. {Note that the highest
value in A was a,; — 4, partially due to a streak of points with intensity () and
running at 45} More generally. the problem is o analyze a given € malrix in
order lo calegorize the texture of the region over which C was compuned. A sct
of descriptors usctul for this purpuse mcludes the following:

1. Muximum probahility
:._.a_._.._”_".L

2} Element difference moement of order &
O et 1

3. Inverse clement ditference moment of ceder &

4, Uniformity

5. Lnlropy

- M. Mn.“_u... Loy 4ty

The basic idew is o characterize the “content”™ of € via these descriptors. For
example, the first property gives an indication of the strongest response W5 The
second descriplor has o relatively low value when the high values of Care near
the main diagenal, becawse the dillerences (i ) arc smaller there. The third
deseriptor has Lhe vpposite effect. The fourth descriptor is highest when the e, s
are all equal. As nated previously, the [ilth descriptor is 2 measure of random-
ness, achicving its hishest value when all elementz of C are maximally random.

One approach for using these descriplors is 10 “teach™ a system represen-
tative descriptor values [or a set of different textures The lexture of an un-
knuown region is then subsequently determined by how closely its descriplors
match those stored in Lhe svstem memory. We dizcuss matching in more defail
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