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a b ¢ FIGURE 2.26 (a) lmage of Galaxy Pair NGC 3314 corrupted by additive Gaussian noise. (b)—(f) Results ot
averaging 5,10, 20, 50, and 100 noisy images, respectively. (Original image courtesy of NASA.)
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FIGURE 2.27 (a) Infrared image of the Washington, D.C. area. (b) Image obtained by setting to zero the least
significant bit of every pixel in (a). (c) Difference of the two images, scaled to the range [0, 255] for clarity.
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FIGURE 2.28
Digital
subtraction
angiography.

(a) Mask image.
(b) A live image.
(c) Difference
between (a) and
(b). (d) Enhanced
difference image.
(Figures (a) and
(b) courtesy of
The Image
Sciences Institute,
University
Medical Center,
Utrecht, The
Netherlands.)
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FIGURE 2.29 Shading correction. (a) Shaded SEM image of a tungsten filament and support, magnified
approximately 130 times. (b) The shading pattern. (¢) Product of (a) by the reciprocal of (b). (Original image
courtesy of Mr. Michael Shaffer, Department of Geological Sciences, University of Oregon, Eugene.)
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FIGURE 2.30 (a) Digital dental X-ray image. (b) ROI mask for isolating teeth with fillings (white corresponds to
1 and black corresponds to 0). (¢) Product of (a) and (b).
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FIGURE 2.31

(a) Two sets of
coordinates, A and B,
in 2-D space. (b) The
union of A and B.
(c) The intersection
of A and B.(d) The
complement of A.
(e) The difference
between A and B. In
(b)—(e) the shaded
areas represent the
member of the set
operation indicated.
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255 FIGURE 2.34 Intensity

transformation
function used to
obtain the negative of
an 8-bit image. The
dashed arrows show
transformation of an
arbitrary input
intensity value z; into
its corresponding
output value sj.
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Local averaging
) using
neighborhood
processing. The
procedure is
illustrated in

® .
(xy) (x,y)
The value of this pixel

xy is the average value of the
pixelsin S,,

(a) and (b) for a
rectangular
neighborhood.
(c) The aortic
angiogram
discussed in
Section 1.3.2.

(d) The result of
using Eq. (2.6-21)
withm = n = 41.
The images are of
size 790 X 686
pixels.
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TABLE 2.2
Affine transformations based on Eq. (2.6.-23).
Transformation Affine Matrix, T Coordl_nate Example
Name Equations
Identity 00 X=9
010 y=w
0 01
Scaling e 0O 0 X =0
0 ¢ 0 y=cw
0 0 1 N \ \
.‘\ \\ \\‘
- ﬂ ﬂ ﬂ

Translation 00 x=v+ I

abcd
0 1 0 y=w+li,

FIGURE 2.36 (a) A 300 dpi image of the letter T. (b) Image rotated 21° clockwise using nearest neighbor
interpolation to assign intensity values to the spatially transformed pixels. (c¢) Image rotated 21° using
bilinear interpolation. (d) Image rotated 21° using bicubic interpolation. The enlarged sections show edge

Shear (vertical) r o o X =+ sw detail for the three interpolation approaches.
5 1 0 y=w
L 0 0 ,
Shear (horizontal) M s, 0] x=v
01 0 V=5t w 66
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Yy =CsU+ CgV + C;Uuv + Cg

FIGURE 2.37
Image
registration.

(a) Reference
image. (b) Input

c.am H (geometrically
n . . s m B . . distorted image).
i Corresponding tie
e points are shown
o000 as small white

squares near the
corners.

(c) Registered

‘ ‘ ‘ ‘ ‘ ‘ il image (note the
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errors in the
borders).

(d) Difference
between (a) and
(c), showing more
registration
errors.
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Tu,v) [ g - R[T(u, v)]
., _| Operation | Inverse | oy
f(x, y)— Transform R transform g(x,y)
Spatial =~ T —"  Spatial
domain Transform domain domain
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FIGURE 2.40

(a) Image corrupted
by sinusoidal
interference. (b)
Magnitude of the
Fourier transform
showing the bursts
of energy responsible
for the interference.
(c) Mask used to
eliminate the energy
bursts. (d) Result of
computing the
inverse of the
modified Fourier
transform. (Original
image courtesy of
NASA.)
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FIGURE 2.41
Images exhibiting
(a) low contrast,
(b) medium
contrast, and

(c) high contrast.
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