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FIGURE 11.1 Illustration of the first few steps in the boundary-following algorithm. The
point to be processed next is labeled in black, the points yet to be processed are gray,
and the points found by the algorithm are labeled as gray squares.
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FIGURE 11.2 Illustration of an erroneous result when the stopping rule is such that
boundary-following stops when the starting point, by, is encountered again.
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numbers for
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FIGURE 11.5 (a) Noisy image. (b) Image smoothed with a 9 X 9 averaging mask. (c) Smoothed image
thresholded using Otsu’s method. (d) Longest outer boundary of (c¢). (¢) Subsampled boundary (the points

are shown enlarged for clarity). (f) Connected points from (e).
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FIGURE 11.6 (a) An object boundary (black curve). (b) Boundary enclosed by cells (in gray). (c) Minimum-
perimeter polygon obtained by allowing the boundary to shrink. The vertices of the polygon are created by

the corners of the inner and outer walls of the gray region.
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FIGURE 11.7 (a) Region (dark gray) resulting from enclosing the original boundary by cells (see Fig. 11.6).
(b) Convex (white dots) and concave (black dots) vertices obtained by following the boundary of the dark
gray region in the counterclockwise direction. (c) Concave vertices (black dots) displaced to their diagonal
mirror locations in the outer wall of the bounding region; the convex vertices are not changed. The MPP
(black boundary) is superimposed for reference.
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(a) 566 X 566
binary image.

(b) 8-connected
boundary.

(c) through (i),
MMPs obtained
using square cells
of sizes 2, 3,4, 6,8,
16, and 32,
respectively (the
vertices were
joined by straight
lines for display).
The number of
boundary points
in (b) is 1900. The
numbers of
vertices in (c)
through (i) are
206, 160, 127,92,
66,32, and 13,
respectively.
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FIGURE 11.9

(a) Original
boundary.

(b) Boundary
divided into
segments based
on extreme
points. (c) Joining
of vertices.

(d) Resulting

polygon.
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FIGURE 11.11

Two binary regions,
their external
boundaries, and
their corresponding
r(0) signatures. The
horizontal axes in
(e) and (f) corre-
spond to angles
from 0° to 360°,in
increments of 1°
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FIGURE 11.12
(a) A region, S,
and its convex
deficiency
(shaded).

(b) Partitioned
boundary.
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FIGURE 11.20 (a) Boundary of human chromosome (2868 points). (b)—(h) Boundaries reconstructed using
1434,286, 144, 72, 36, 18, and 8 Fourier descriptors, respectively. These numbers are approximately 50%, 10%,
5%,2.5%,1.25%, 0.63%, and 0.28% of 2868, respectively.
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Moment Original

Invariant Image  Translated Half Size Mirrored Rotated 45° Rotated 90°
oy 2.8662 2.8662 2.8664  2.8662 2.8661 2.8662
b5 7.1265 7.1265 71257  7.1265 7.1266 7.1265
@3 104109 104109  10.4047 10.4109 10.4115 10.4109
by 10.3742 10.3742 10.3719  10.3742 10.3742 10.3742
s 21.3674 213674 213924 21.3674 21.3663 21.3674
b6 13.9417 13.9417 13.9383 13.9417 13.9417 13.9417
b7 —20.7809 —20.7809 —20.7724 20.7809  —20.7813 —20.7809
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FIGURE 11.40 The six principal component images obtained from vectors computed using Eq. (11.4-6).
Vectors are converted to images by applying Fig. 11.39 in reverse.
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FIGURE 11.41 Multispectral images reconstructed using only the two principal component images

corresponding to the two principal component images with the largest eigenvalues (variance). Compare

these images with the originals in Fig. 11.38.
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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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‘a (a) A simple
- staircase
b structure.
a (b) Coded

L e - structure.
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FIGURE 11.48

(a) Abstracted
primitives.

(b) Operations
among primitives.
(c) A set of
specific primitives.
(d) Steps in
building a
structure.
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FIGURE 11.50

(a) A simple
composite region.
(b) Tree represen-
tation obtained by
using the
relationship

f “inside of.”




