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FIGURE10.4

{a) Point

1 detection
(Laplacian) mask.
(b) X-ray image
of turbine blade
| | i with a pnn_:lsily.
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 o singlc
point (the point
was enlarged to
make it easier Lo
see). (Original
image courtesy of
X-TEK Systems,
Lid.)
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FIGURE 10.7

(@) Image ol a
wire-hond
template,

(h) Result of
processing with
the +457 line
detector mask in
Fig. 10.6.

(¢) Zoomed view
ol the top left
region of (b),

(d) Zoomed view
ol the bottom
right region of
(b). (c) The image
in (b) with all
negative values
set to zero. (1) All
points (in white)
whose values
satisfied the
conditiong = T,
where g is the
image in {e). (The
points in (1) were
enlarged 1o make
them casier to
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FIGURE 10.13

One-dimensional
masks used o
iI'I‘lplﬂnmt E
(10.2-12) and
(10.2-13),

Ini the remainder of this
ECTiOn We assume
imiplicitly that f isa
Tunction of two varksblbes,
and oenil the vartsbles o
simplify the notation,

Lo = P =
os m o

FIGURE 10.14

A 3 X 3region of
an image (the s
are intensity
values) and
various masks
used to compute
the gradient at
the point labeled
.8

Filler mesks used 1o
compale the derivatives
mﬂtl} ‘Dll' lhﬂ Erirdient
are ofien caded pradient
BT ﬂ'é[l"-!rm:-.:
opeTatary, edpe -
af edpe m:wm

aien

These two equations can be imple m?nl;d f;:r'; ?g pertinent vajy,,
filtering f(x, y) with the 1-D masks in Fig. 1U.15.

Wh{ﬁtﬁiaginal edge direction is of interest, we nec;l a zh[a.
cross-gradient operators (Roberts [1965]) are one of the ﬁﬂﬂh}ﬂ
2-D masks with a diagonal preference. Consider the 3 X 3 region in

The Roberts operators are based on implementing the djﬂgﬂnﬂldﬁfm
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FIGURE 10.16

(a) Original image
of size

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

(d) The gradient
image, |8 + [Byl.
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FIGURE 10.21

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

(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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FIGURE 10.22

(a) Original image
of size B34 > 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 =4and n = 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).
MNote the thin
edpes.
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FIGURE 10.25

(a) Original image
of size 834 x 1114
pixels, with
intensity values
scaled to the range
[0,1].

{b) Thresholded
gradient of
smoothed image.
{c) Image
obtamed using the
Marr-Hildreth
algorithm.

(d) Image
obtained using the
Canny algorithm.
Note the
significant
improvement of
the Canny image
compared to the
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FIGURE 10.26

(a) Original head
CT image of size
512 x 512 pixels,
with intensity
values scaled to
the range [0, 1].
(b) Thresholded
eradient of
smoothed image.
(¢) Image
obtained using
the Marr-Hildreth
algorithm.

(d) Image
obtained using
the Canny
algorithm.
(Original Image
courtesy of Dr,
David R, Pickens,
Vanderbilt

University.)
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HGURE 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 10.40 {a) Noisy image from Fig. 10.36 and (b} its histogram. {c) Result obtained using Otsu’s method,

(d) Noisy image smoothed using a5 * 5 averaging mask and (e} its histogram. (f) Result of th resholding using

Oitsu’s method.
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FIGURE 10.53

(a) Image of the
Cyegnus Loop
supernova, taken
in the X-ray band
by NASA's
Hubble Telescope.
{b)-(d} Results of
limiting the
smallest allowed
quadregion to
sizes of

32 % 32,16 x 16,
and 8 x 8 pixels,
respectively.
{Original image
courtesy of
NASA.)
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a
b

FIGURE 10.33

(a) Image of size
101 ¢ 101 pixels,
containing five
points

(b) Corresponding
parameter space.
(The points In (a)
were enlarged to
make them easier
to see.)



ab
cde
FIGURE 10.34 (a) A 502 x 564 aerial image of an airport. (b) Edge

image obtained using Canny's algorithm.
the points associated with long vertical lines). (d) Lines in

ace (the boxes highlight
lighted by the boxes). (g} Lines superimposed on the

¢) Hough parameter Sp _ A
() enp onding to the points high

the image plane cOfTesp
original image. _ s anpn
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