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FIGURE 6.9

(a) Generating
the RGB image of
the cross-sectional
color plane
(127,G, B).

(b) The three
hidden surface
planes in the color
cube of Fig. 6.8.
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FIGURE 6.19 An alternative representation of the intensity-slicing technique.
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FIGURE 6.21

(a) Monochrome
X-ray image of a
weld. (b) Result
of color coding.
(Original image
courtesy of
X-TEK Systems,
Ltd.)

ab
FIGURE 6.20 (a) Monochrome image of the Picker Thyroid Phantom. (b) Result of den-
sity slicing into eight colors. (Courtesy of Dr. J. L. Blankenship, Instrumentation and

Controls Division, Oak Ridge National Laboratory.)
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FIGURE 6.27 (a)-(d) Images in bands 1-4 in Fig. 1.10 (see Table 1.1). (e) Color a b
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FIGURE 6.28

(a) Pseudocolor
rendition of
Jupiter Moon Io.
(b) A close-up.
(Courtesy of
NASA.)
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FIGURE 10.1 (a) Image containing a region of constant intensity. (b) Image showing the
boundary of the inner region, obtained from intensity discontinuities. (c) Result of
segmenting the image into two regions. (d) Image containing a textured region.
(e) Result of edge computations. Note the large number of small edges that are
connected to the original boundary, making it difficult to find a unique boundary using
only edge information. (f) Result of segmentation based on region properties.
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FIGURE 10.2 (a) Image. (b) Horizontal intensity profile through the center of the image,
including the isolated noise point. (c) Simplified profile (the points are joined by dashes
for clarity). The image strip corresponds to the intensity profile, and the numbers in the
boxes are the intensity values of the dots shown in the profile. The derivatives were
obtained using Egs. (10.2-1) and (10.2-2).
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FIGURE 10.4

(a) Point

1 =8 1 detection
(Laplacian) mask.

(b) X-ray image
of turbine blade
! ! ! with a porosity.
The porosity
contains a single
black pixel.

(c) Result of
convolving the
mask with the
image. (d) Result
of using Eq. (10.2-8)
showing a single
point (the point
was enlarged to
make it easier to
see). (Original

image courtesy of
X-TEK Systems,
Ltd.)
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FIGURE 10.7

(a) Image of a
wire-bond
template.

(b) Result of
processing with
the +45° line
detector mask in
Fig. 10.6.

(c) Zoomed view
of the top left
region of (b).

(d) Zoomed view
of the bottom
right region of
(b). (e) The image
in (b) with all
negative values
set to zero. (f) All
points (in white)
whose values
satisfied the
conditiong = T,
where g is the
image in (e). (The
points in (f) were
enlarged to make
them easier to
see.)
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FIGURE 10.5

(a) Original image.
(b) Laplacian
image; the
magnified section
shows the
positive/negative
double-line effect
.| characteristic of the
. Laplacian.

@ (c) Absolute value
@ of the Laplacian.
(d) Positive values
of the Laplacian.
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FIGURE 10.8
From left to right,

models (ideal
representations) of

a step, a ramp, and
aroof edge, and
their corresponding
intensity profiles.
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FIGURE 10.10

(a) Two regions of
constant intensity
separated by an
ideal vertical
ramp edge.

(b) Detail near
the edge, showing
a horizontal
intensity profile,
together with its
first and second
derivatives.
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FIGURE 10.11 First column: Images and intensity profiles of a ramp edge corrupted by
random Gaussian noise of zero mean and standard deviations of 0.0, 0.1, 1.0, and 10.0
intensity levels, respectively. Second column: First-derivative images and intensity
profiles. Third column: Second-derivative images and intensity profiles.
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FIGURE 10.12 Using the gradient to determine edge strength and direction at a point.
Note that the edge is perpendicular to the direction of the gradient vector at the point
where the gradient is computed. Each square in the figure represents one pixel.
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FIGURE 10.16

(a) Original image
of size

834 X 1114 pixels,
with intensity
values scaled to
the range [0, 1].
(b) |8/, the
component of the
gradient in the
x-direction,
obtained using
the Sobel mask in
Fig. 10.14(f) to
filter the image.
(c) |&l, obtained
using the mask in
Fig. 10.14(g).

(d) The gradient
image, |8x| + |&.




2L ¥INUES ¥ iRl

O BREEHET
BRI SR B R A A TR, RN TR,
F I RIS 2
BRI R BT TR, R

FIGURE 10.18
Same sequence as
in Fig. 10.16, but
with the original
image smoothed
usinga 5 X 5
averaging filter
prior to edge
detection.
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FIGURE 10.20 (a) Thresholded version of the image in Fig. 10.16(d), with the threshold
selected as 33% of the highest value in the image; this threshold was just high enough to
eliminate most of the brick edges in the gradient image. (b) Thresholded version of the
image in Fig. 10.18(d), obtained using a threshold equal to 33% of the highest value in
that image.
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FIGURE 10.21

(a) Three-
dimensional plot
of the negative of
the LoG. (b)
Negative of the
LoG displayed as
an image. (c)
Cross section of
(a) showing zero
crossings.

(d) 5 X 5 mask
approximation to
the shape in (a).
The negative of
this mask would
be used in
practice.
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The Marr-Hildreth algorithm consists of convolving the LoG kernel with an input
image,

g(x.y) = | V’G(x.y) [* f(x.y) (10-30)

and then finding the zero crossings of g(x,y) to determine the locations of edges in
f(x,y). Because the Laplacian and convolution are linear processes, we can write

Eq. (10-30) as

g(x,y) = V2 [G(x,y) * f(x,y)] (10-31)
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FIGURE 10.22

(a) Original image
of size 834 X 1114
pixels, with
intensity values
scaled to the range
[0,1]. (b) Results
of Steps 1 and 2 of
the Marr-Hildreth
algorithm using
o=4andn = 25.
(c) Zero crossings
of (b) using a
threshold of 0
(note the closed-
loop edges).

(d) Zero crossings
found using a
threshold equal to
4% of the
maximum value of
the image in (b).
Note the thin
edges.
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FIGURE 10.27 (a) A 534 X 566 image of the rear of a vehicle. (b) Gradient magnitude
image. (c) Horizontally connected edge pixels. (d) Vertically connected edge pixels.
(e) The logical OR of the two preceding images. (f) Final result obtained using
morphological thinning. (Original image courtesy of Perceptics Corporation.)
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FIGURE 10.35
Intensity
histograms that
can be partitioned
(a) by a single

(b) by dual
|||| ||| I ||| L || |I|"|'"I| | || thresholds.
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FIGURE 10.36 (a) Noiseless 8-bit image. (b) Image with additive Gaussian noise of mean 0 and standard

deviation of 10 intensity levels. (c¢) Image with additive Gaussian noise of mean 0 and standard deviation of

50 intensity levels. (d)—(f) Corresponding histograms.
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FIGURE 10.38 (a) Noisy fingerprint. (b) Histogram. (c) Segmented result using a global threshold (the border
was added for clarity). (Original courtesy of the National Institute of Standards and Technology.)
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. FIGURE 10.39

(a) Original

I ] image.

(b) Histogram
(high peaks were
clipped to
highlight details in
the lower values).
(c) Segmentation
result using the
basic global
algorithm from
Section 10.3.2.
(d) Result
obtained using
Otsu’s method.
(Original image
courtesy of
Professor Daniel
A.Hammer, the
University of
Pennsylvania.)
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FIGURE 10.40 (a) Noisy image from Fig. 10.36 and (b) its histogram. (c) Result obtained using Otsu’s method.
(d) Noisy image smoothed using a 5 X 5 averaging mask and (e) its histogram. (f) Result of thresholding using
Otsu’s method.
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FIGURE 10.41 (a) Noisy image and (b) its histogram. (¢) Result obtained using Otsu’s method. (d) Noisy
image smoothed using a 5 X 5 averaging mask and (e) its histogram. (f) Result of thresholding using Otsu’s
method. Thresholding failed in both cases.
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FIGURE 10.42 (a) Noisy image from Fig. 10.41(a) and (b) its histogram. (c) Gradient magnitude image
thresholded at the 99.7 percentile. (d) Image formed as the product of (a) and (c). (¢) Histogram of the
nonzero pixels in the image in (d). (f) Result of segmenting image (a) with the Otsu threshold based on the
histogram in (e). The threshold was 134, which is approximately midway between the peaks in this histogram.
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FIGURE 10.43 (a) Image of yeast cells. (b) Histogram of (a). (c) Segmentation of (a) with Otsu’s method
using the histogram in (b). (d) Thresholded absolute Laplacian. (e) Histogram of the nonzero pixels in the
product of (a) and (d). (f) Original image thresholded using Otsu’s method based on the histogram in (e).
(Original image courtesy of Professor Susan L. Forsburg, University of Southern California.)
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FIGURE 10.45 (a) Image of iceberg. (b) Histogram. (c) Image segmented into three regions using dual Otsu
thresholds. (Original image courtesy of NOAA.)




AJAZ B

O FHR 0 B0 SO BB AL 2R

-7‘/\:1}/; Mo i ngv. e za/‘\’:jy&g(/ Z 1{42’/@47
£ S ( DL AF L
ivj% Qe i bve/ o J«W.gm

Doy el fuf 2y hin
o %m&w/ﬁg

—a%/a&%/i%/j. P 7 71

o/
b

e s .

FIGURE 10.49 (a) Text image corrupted by spot shading. (b) Result of global thresholding using Otsu’s

method. (c) Result of local thresholding using moving averages.
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FIGURE 10.50 (a) Text image corrupted by sinusoidal shading. (b) Result of global thresholding using Otsu’s
method. (¢) Result of local thresholding using moving averages.
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