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FIGURE 5.1
A model of the Degradation 8(x.¥) Restorati .
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DEGRADATION RESTORATION

g(x,y) = h(x,y) * f(x,y) + n(x, y);Spatial Domain

G(u,v) = H(u,v)F(u, v) + N(u, v);Frequency Domain
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Noise Probability Density Functions

de=s 2E Haes Jhdstof

» Gaussian noise

» Rayleigh noise

» Erlang(Gamma) noise

» Exponential noise

» Uniform noise

» Impulse(salt-and-pepper) noise

Noise Probability Density Function
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FIGURE 5.2 Some important probability density functions.
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Gaussian Rayleigh Gamma
abc
def
FIGURE 5.4 Images and histograms resulting from adding Gaussian, Rayleigh, and gamma noise to the image
in Fig. 5.3.

Exponential Uniform Salt & Pepper

ghi

FE

FIGURE 5.4 (Continued) Images and histograms resulting from adding exponential, uniform, and salt and
pepper noise to the image in Fig. 5.3.
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Estimation of Noise Parameters
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abec
FIGURE 5.6 Histograms computed using small strips (shown as inserts) from (a) the Gaussian, (b) the

Rayleigh, and (c¢) the uniform noisy images in Fig. 5.4.

* g(x,y) = f(x,y) + n(x,y);Spatial Domain
G(u,v) = F(u,v) + N(u, v);Frequency Domain
dEdst SOt 0|20 ES A S2HG Y
STIESES T
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Noise suppression by spatial filtering
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1(Mean filter)
& E{ (Arithmetic Mean filter)
2 £ (Geometric Mean filter)
4 B (Harmonic Mean filter)
A ZE{(Contraharmonic Mean filter)
* Order-statistics Filter
» Median filter
» Max, Min, Midpoint filter
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FIGURE 5.7

(a) X-ray image,
(b) Image
corrupted by
additive Gaussian
noise. (c) Result
of filtering with
an arithmetic
mean filter of size
3 % 3.(d) Result
of filtering with a
geometric 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
corrupted by
pepper noise with
a probability of
0.1. (b) Image
corrupted by salt
noise with the
same probability.
(c) Result of
filtering (a) with a
3 x 3 contra-
harmonic filter of
order 1.5.

(d) Result of
filtering (b) with
Q=-15
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Median filter

“fy) = Gheon (0

« JH2H I 32 A Q1 order-statistics filter

* bipolar, unipolar impulse noise All 0l %[~}
« A A0 S
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FIGURE 5.10

(a) Tmage
corrupted by salt-
and-pepper noise
with probabilities
P,=F,=01.
(b) Result of one
pass with a
median filter of
size 3 % 3.

(c¢) Result of
processing (b)
with this filter.
(d) Result of
processing (c)
with the same
filter.




Max filter

*fmw=gmxw@0}

S,t)ESxy

« 2|t etE AMSE

« pepper noise M| J|s5, A20] M 22 9oty
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Min filter
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FIGURE 5.11

(a) Result of
filtering

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.

sivivisly

* flxy) =

[(st)ax {g(s, t)}+ m1n {g(s t)}]

« 2|t 2|~ grel Hat = /\PQ
* Gaussian &2 2} uniform 22 Ml H 0| & 2t
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Noise suppression by frequency
domain filtering

2= M

ajo

Aok Lol X ot= S4et Fupeo| &
CH 1 Ml 1 Z Ef(Band reject filter)

0o S 2t ZE{(Band pass filter)

= A ZE{(Notch filter)

*

*

*

*

Band Reject Filter

Srot i te g5 dE= A
Ideal band reject filter

Butterworth band reject filter
Gaussian band reject filter
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Ideal

i

D>

1 if D(u.1')<Do—%
w W
Hu.v)y=10 if DD_TS D(H.1')5D0+7

1 if D(u.v)> D, +%

Butterworth
1
H(H’V) - D(H,V)W ]2n
D*(u.v)-D,’
Gaussian

_1.D’(uy)-Dy’ P
H(u,v)y=1-e 2 Dumw
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FIGURE 5.16

(a) Image
corrupted by
sinusoidal noise,
(b) Spectrum of (a).
(c) Butterworth
bandreject filter
(white represents
1). (d) Result of
filtering.
(Original image
courtesy of
NASA.)
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Band Pass Filter

« S5 Zul5 M 20 ED}AII LA
bnc S Hiu.v)
FIGURE 5.18

Perspective plots
of (a) ideal,

(b) Butterworth
(of order 2), and
(c) Gaussian
notch (reject)
filters.

. Hu, v)
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FIGURE 5.19
(a) Satellite image of
Florida and the Gulf of
M owing
horizontal scan lines.
(b) Spectrum. (¢) Notch
pass filter superimposed
on (b). (d) Spatial no
pattern. (¢) Result
notch reject filtering.
(Oviginal image courtes
of NOAA.)

Estimating the Degradation Function

# Aol= Convolutuion?] 2tz QHZE, 542 Y
Oz MEol= 2HE = U WetA] SH S
deconvolutionO| 2} 1 & &f,

« Hetst Aol ot s &I g D] 20 Blind
deconvolution.
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Gs(u,v)
FHwY) =5
# Gg(u, v);2H2HEl Aol B (u,v);M el =l A et

« AoteEl Aots A =0l AL ot TR T AFet EHAl ALE
« st A AH Ao =2 0| =5 Z0[)] floff et A
22 S UAC 2 Sample 2
G(u,
* H(u,v) = (ZU)
« A;lmpulse?| 24 =5 R Atoh= 2t
ab
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

Tllustration of the
atmospheric

turbulence model. S
(a) Negligible

turk ce.

A0 oot Datetsr 2 01 E 010 53 o= 1H
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Aot 0| S SHEUS2 LIR0, A2 Gatto
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Al At
| Laplacian0Of| 7|t
ehy

O
P(u, v);Laplacian?| Fourier¥ 2t y; I} etol| £
H*(u, v); complex conjugate (D = G — b = ()

1 (S = (Do
F(u,v) [IH(u,v)I2+yIP(u,V)|2] Gwv)

« Wiener Z E{2| & U5},
w a, BOFO| A4 At

# a=1->%8E,a=08&p =1->Wiener Zt{
a =205t BR ol Hol9 2ota,

a=2&p =1>2EY He sl LE|(Spectrum Equalization Filter)
O JHO] HE E ofLtel Ale 2 T olJtsal| w20 B0l ALE.
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