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FIGURE 5.3 ‘fest
pattern used to
illustrate the
characteristics of
the noise PDFs
shown in Fig. 5.2.
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FIGURE 5.4 (Continued) Images and histog Iting from adding exy ial. uniform. and impulse

noise to the image in Fig. 5.3
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FIGURE 5.5

(a) Image
corrupted by
sinusoidal noise.
(b) Spectrum
(cach pair of
conjugate
impulses
corresponds to
one sine wave).
(Original image
courtesy of
NASA.)
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FIGURE 5.6 Histograms computed using small strips (shown as inserts) from (a) the Gaussian. (b) the Rayleigh.
and (¢) the uniform noisy images in Fig. 5.4.
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i FIGURES.7 (a)

B X-rayimage.

(b) Image
corrupted by
additive Gaussian
noise. (¢) Result
of filtering with
an arithmetic
mean filter of size
3 X 3.(d) Result
of filtering with a
geomelric mean
filter of the same
size. (Original

¢ image courtesy of
' Mr. Joseph E.

¥ Pascente, Lixi,
Inc.)
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FIGURE 5.8

(a) Image
corrupled by
pepper noise with
a probability of
0.1, (b) Image
corrupted by salt
noise with the
same probability.
(¢) Result of
filtering (a) with a
Ix3

contraharmonic
filter of order 1.5.
(d) Result of
filtering (b) with
Q =-15

e
Q=1.¢
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FIGURE 5.9 Results
of selecting the
wrong sign in
contraharmonic
filtering. (a) Result
of filtering

Fig 5.8(a) witha
contraharmonic
filter of size 3 X 3
andQ = —15.

(b) Result of
filtering 5.8(b) with
Q=15
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FIGURE 5.10
(a) Image
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and-pepper noi

wi 1h pr l ul ilit,
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(HR l‘l of one
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()R sult of
g (b)

proce g (¢)
with the same
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FIGURE 5.11

(a) Result of

® liltering

Fig. 5.8(a) with a
max filter of size
3 X 3.(b) Result
of filtering 5.8(b)
with a min filter
of the same size.
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FIGURE 5.13
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FIGURE 5.14 (1) Image corrupted by salt-and-pepper noise with probabilities £, = B, = 0.25. (b) Result of fil-
tering with a 7 X 7 median filter. (¢) Result of adaptive median filtering with Sp, = 7.
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FIGURE 5.15 From left to right, perspective plots of ideal, Butterworth (of order 1), and Gaussian bandreject
filters.
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FIGURE 5.16

(a) lmage
corrupted by
sinusoidal noise.
(b) Spectrum of (a).
(¢) Butterworth
bandreject filter
(white represents
1). (d) Result of
filtering. (Original
image courtesy of
NASA.)
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FIGURE 5.17
Noise pattern of
the image in

Fig. 5.16(a)
obtained by
bandpass filtering.
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FIGURE 5.18 Perspective plots of (a) ideal, (b Butterworth (of order 2). and (¢) Gaussian
noteh (reject) filters.
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FIGURE 5.19 (a) Satellite image of Florida and the Gulf of Mexico (note horizontal sen-
sor scan lines). (b) Spectrum of (a )4)No|:h pass filter shown superimposcd on (b).
B (d) laverse Fourier ransform of fltered image. showing noise pattern in the spatial do-
main. (¢) Result of notch reject filtering. (Original image courtesy of NOAA.)
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FIGURE 5.20

(a) Image of the
Martian terrain
taken by
Mariner 6.

(b) Fourier
spectrum showing
periodic
interference.
(Courtesy of
NASA.)
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FIGURE 5.21 Fourier spectrum (without shifting) of the image shown in Fig. 5.20(a).
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FIGURE 5.22 (a) Fouricr spectrum of N (u. v). and (b) corresponding noise interference
pattern y(x. ¥). (Courtesy of NASA.)
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FIGURE 5.23 Processed image. (Courtesy of NASA.)
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FIGURE 5.24
Degradation
estimation by
impulse
characterization.
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FIGURE 5.25
Ilustration of the
atmospheric
turbulence model.
(a) Negligible
turbulence,

(b) Severe
turbulence,

k = 0.0025,

(¢) Mild
turbulence.

k = 0.001.

(d) Low
turbulence,

k = 0.00025.
{Original image
courtesy of
NASA.)

\ma &e I‘Od-ld
bé uau\g levels
of oFmospheric
t+urbulence
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Some. cle%aclaﬁon modals howe a Pln stcol) bacro

Sueh oo model for atmospheric ﬁu\s:lou\enu [
—k (u2+v2)%
\'\(u«,\/) =

————

Sama form as a. Goussian Low pass {i Her
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FIGURE 5.26 (u) Original image. (b) Result of blurring using the function in Eq.(5.6-11)
witha=b=01andT = 1.
chafad inverse Tram s Lorm
A,e%rad.ﬂ.& image. G (u,v)

1°‘F—

Thio 1o simufated mohon elegradovﬁén
B8 X683 Pixeﬁ Image of  Gonzalez EL\UOOC\S) ife

moton v 3\\)@4 btj
- olt a=b=ol
X () } =

SOU:) = On\'t

__‘o,lrr(u+V)

H(M,v) S N Sm[O.lWCu—W)] e

O T (utv)
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Degraﬂﬁﬁlfmaj& IS given b‘;& G(u,v) = HCuv) Flu,v)+ NICRY

N e

degmdahén nolse

Lumetion

Estmate E(q)\/) b\a_S\;Y\P\écL\L.)IA\hj G-Cu/\/) b% H(“/V)
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FIGURE 5.27
Restoring

Fig. 5.25(b) with
Eq.(5.7-1).

(a) Result of
using the full
filter. (b) Result
with H cut oft
outside a radius of
40:(¢) outside a
radius of 70; and
{d) outside a
radius of 85.

Do =85S

on twng obove

Thio [reSembled ()
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This example shows The problems o Smatl values 21 Hy,v) m
The Inyersien procss.

For HG,v)= 8_ k&u‘?"fﬁ— . g)i] %
This o mover 2or0 but cam gt small,
lASm?r é(u,v)t %&‘f/_\.}_}_ 3\\)65 @) obove ,
H (V)
We cam mprove the resudt b«; Cuﬁmj off Va\uu%

GV puiside oo rodids Dy,
Hu,v)

T;LL CU."’O?'F f)kown QbOUe was done %(nj O Buﬁerworﬂ’l

\ou)'PO\SS—ﬁH‘QG‘ (rg ordeyr 10.
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FIGURE 5.28 Comparison of inverse- and Wiener filtering. (4) Result of full inverse filtering of Fig. 5.25(b).
(h) Radially limited inverse filter result. (¢) Wiener filter result.

———~— " —

éusi*compudnhg Do=15 . Wyener Fl"refm
G—Cu!\/) Forl\a\‘j lmted  Vsing inferachve
H (a0 &luv) Valies of K
o 2002 R, . Gorzmez & R. £ Woods H(w,v)

In prachee Spluv) = | F(u,\/))z of the undegraded §ma%
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FIGURE 5.30 Results of constrained least squares (iltering. Compare (a). (b). and (¢) with the Wiener liltering
results in Figs. 5.29(¢). (1). and (i), respectively.

= L, 50 r?=0,5 %0065
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FIGURE 5.31

(a) Neratively
determined
constrained least
squares
restoration of
Fig. 5.16(b). using
correct noise
paranmeters

(b) Result
oblained with
wrong noise
paramelers

[Kesud t oy restoring IMma.ae uaun
0%7 ¥y bju.d m3 Y %w_ad oo

correct nolse neorrect noise.
Pou\o\m,o:ters Pom.moﬁers
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FIGURE 5.32
Coreesponding
/_><\ tiepoints in two

image segments.

jeome‘mca\!\j o)»'\j:nc.,l Mage
distorted IMmage
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R(x',¥")

FIGURE 5.33 Girav-level interpolation based on the nearest neighbor concept.
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FIGURE 5.34 (a) Image showing ticpoints. {b) Tiepoints after geometric distortion.
(©) Geometrically distorted image. using nearest neighbor interpolation. (d) Restored
result. (¢) Image distorted using bilinear interpolation. (f) Restored image.
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FIGURE 5.35 (a) An image before geometric distortion. (b) Image geometrically dis-
torted using the same parameters as in Fig. 5.34(¢). (¢) Difference between (a) and (b).
(d) Geometrically restored image.
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