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FIGURE 11.10
Distance-versus-
angle signatures.
In (a) r(0) is
constant. In

(b), the signature
consists of
repetitions of the
pattern

r(f) = Asec 6 for
0 =<6 = 7x/4and
r(f) = Acscé for
11'/4 < 0 = 11'/2.
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FIGURE 11.11

Two binary regions,
their external
boundaries, and
their corresponding
r(6) signatures. The
horizontal axes in
(e) and (f) corre-
spond to angles
from 0° to 360°,in
increments of 1°




30 89y abis g0 alold 1y (590 1 Lol las
ol iy 3gec e

Diam(B) = max|D(p;, p;)]
I/




50 00l slo Sapogs
| s Jsbo . . .
- 30 SIS O

s ks Jsh







0oL 6“\:‘:7"3 ).i.a...os.: SV

L (compactneSS)L;a)m =

S5y oy -V

NCAYS)
H = bc‘)}w Slows -
Cottmgmr (sl5o Sloms Y

E:C'Hjja‘ dde -Y e




($5998)laml Kaoss

FIGURE 11.23 FIGURE 11.24
. . A region with
A region with three connected
two holes. components.
H=2
C=1 H=3
E=-1 C=1
E=-2
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FIGURE 11.25
Regions with
Euler numbers

equal to 0 and —1,
respectively.
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FIGURE 11.28
The white squares
mark, from left to
right, smooth,
coarse, and
regular textures.
These are optical

S b ‘ MmiCroscope
Standard Third images of a
Texture Mean deviation R (normalized) moment Uniformity Entropy supermnductﬂr,
human
Smooth 8264  11.79 0.002 —0.105 0.026 5.434 holesterol. and a
Coarse  143.56  74.63 0.079 —0151  0.005 7783 | CRLOIESICTOL, an
Regular  99.72 33.73 0.017 0.750 0.013 6.674 MmICroprocessor.
(Courtesy of Dr.
Michael W.
Davidson, Florida

State University.) B
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Descriptor Explanation

Formula

Maximum
probability

Measures the strongest response of
G. The range of values is [0, 1].

A measure of how correlated a
pixel is to its neighbor over the
entire image. Range of values is
1 to —1, corresponding to perfect
positive and perfect negative
correlations. This measure is not
defined if either standard deviation
is zero.

Correlation

Contrast A measure of intensity contrast
between a pixel and its neighbor over

the entire image. The range of values

is 0 (when G is constant) to (K — 1)

Uniformity
(also called
Energy)

A measure of uniformity in the range
[0, 1]. Uniformity is 1 for a constant
image.

Homogeneity Measures the spatial closeness of the
distribution of elements in G to the
diagonal. The range of values is [0, 1],
with the maximum being achieved
when G is a diagonal matrix.

Measures the randomness of the
elements of G. The entropy is O when
all p;;’s are 0 and is maximum when
all p;;’s are equal. The maximum
value is 2 log, K. (See Eq. (11.3-9)
regarding entropy).

Entropy
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FIGURE 11.30
Images whose
pixels have

(a) random,

(b) periodic, and
(c) mixed texture
patterns. Each
image is of size
263 X 800 pixels.
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FIGURE 11.31
256 X 256 co-
occurrence
matrices, Gy, G,,
and Gs,
corresponding
from left to right
i to the images in
- Fig. 11.30.




Normalized Descriptor
Co-occurrence Max
Matrix Probability Correlation Contrast Uniformity Homogeneity Entropy
G/m 0.00006 —0.0005 10838  0.00002 0.0366  15.75
Gy/n, 0.01500 0.9650 570 0.01230 0.0824 6.43
Gi/ny 0.06860 0.8798 1356 0.00480 0.2048  13.58

TABLE 11.4
Descriptors
evaluated using
the co-occurrence

matrices displayed
in Fig. 11.31.
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FIGURE 11.37 (a) Original image. (b)—(f) Images translated, scaled by one-half, mirrored, rotated by 45° and
rotated by 90°, respectively.




Moment  Original TAB I.E ] ].5
Invariant Image Translated Half Size Mirrored Rotated 45° Rotated 90°
B Moment

&, 2.8662 2.8662 2.8664  2.8662 2.8661 2.8662 - -

b, 7.1265 7.1265 71257  7.1265 7.1266 7.1265 invariants for

&3 104109 104109  10.4047 10.4109 10.4115 10.4109 the images n

by 103742 103742 103719 10.3742 10.3742 10.3742 .

bs 213674 213674  21.3924 21.3674 21.3663 21.3674 Flg- 11.37.

de 13.9417 139417  13.9383 13.9417 13.9417 13.9417

&7 ~20.7809 —20.7809 —20.7724 20.7809  —20.7813  —20.7809
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FIGURE 11.43

(a) An object.

(b) Object
showing
eigenvectors of its
covariance matrix.
(c) Transformed
object, obtained
using Eq. (11.4-6).
(d) Object
translated so that
all its coordinate

values are greater
than 0.
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FIGURE 11.44

A manual
example.

(a) Original
points.

(b) Eigenvectors
of the covariance
matrix of the
points in (a).

(c) Transformed
points obtained
using Eq. (11.4-6).
(d) Points from
(c), rounded and
translated so that
all coordinate
values are
integers greater
than 0. The
dashed lines are
included to
facilitate viewing.
They are not part
of the data.
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