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FIGURE 5.3 “lest
pattern used to
illustrate the
characteristics of
the noise PDFs
shown in Fig. 5.2.
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FIGURE 5.4 Images and histograms resulting from adding Gaussian, Rayleigh, and gamma noisc to the image
inFig. 5.3
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noise to the image in Fig. 5.3
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FIGURE 5.5

(a) Image
corrupted by
sinusoidal noise.
(b) Spectrum
(each pair of
conjugate
impulses
corresponds to
one sine wave).
(Original image
courtesy of
NASA.)
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FIGURE 5.6 Histograms compuled using s mlll strips (shown as inserts) from (a) the Gaussian. (b) the Rayleigh,
and () the uniform noisy images in Fig. 5.
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i FIGURES.7 (a)
X-ray image.
(b) Image

by

addit Aussia
noise. (¢) Result
of filtering with
an arithmetic
mean filter of size
3 X 3.(d) Resull
of filtering with a
geomelric mean
filter of the same
size. (Original

¢ image courtesy of
j:  Mr.Joseph E.

¥ Pascente, Lixi,
Inc.)
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FIGURE 5.8

(a) Image
corrupted 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
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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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(a) Result of
R (iltering
Fig. 5.8(a) with a

max filter of size
3 X 3.(b) Result
of filtering 5.8(b)
with a min filter
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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 5.20

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

(b Fourier
spectrum showing
periadic
interference.
(Courtesy of
NASA.)
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FIGURE 5.21 Fourier spectrum (without shifting) of the image shown in Fig. 5.20(a).
(Courtesy of NASA.)
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FIGURE 5.22 (a) Fouricr spectrum of N (1. v). and (b) corresponding noise interterence
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.
(a) An impulse of
light (shown
magnified).

(b) Imaged
(degraded)
impulse.
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FIGURE 5.25
Ilustration of the
atmospheric
turhulence 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.)
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FIGURE 5.26 (1) Original image. (b) Result of blurring using the function in Eq.(3.6-11)
witha=b=01andT =1.
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FIGURE 5.27
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filter. (b) Result
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FIGURE 5.28 Comparison of inverse- and Wiener filtering. (a) Result of full inverse filtering of Fig. 5.23(b).
(b) Radially limited inverse filter result. (¢) Wiener filter result.
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FIGURE 5.30 Results of constrained least squares filtering. Compare (a). (b).and (¢) with the Wiener liltering
results in Figs. 5.29(c). (f). and (i), respectively.
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FIGURE 5.33 Girav-level interpolation based on the nearest neighbor concept.
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FIGURE 5.34 (a) Image showing tiepoints. (b) Ticpoints after geometric distortion.
(€) Geometrically distorted image. using ncarest neighbor interpolation. (d) Restored
result. (¢) Image distorted using bilincar interpolation. (f) Restored image.
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FIGURE 5.35 (a) An image before

ic di ion. (b) Image ically dis-
torled using the same parameters as in Fig. 5.34(¢). (¢) Difference between (a) and (b).
(d) Geometrically restored image.
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