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g(x,y) = h(x,y) = f(x,y) + n(x,y)

G(uw,v) =H(u,v) © Flu,v) + N(u, v)
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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 resulling from adding Gaussian, Ravleigh, and gamma noise to the image
in Fig. 5.3.
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FIGURE 5.4 (Continued) Images and histograms resulting from adding exponential, 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
{each 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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FIGURE 5.7 (a)
X-ray image.

(b) Image
corrupted by
additive Gaussian
noise. (¢) Resull
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.
(¢) Result of
filtering (a) with a
3IxX3
contraharmonic
filter of order 1.5.
(d) Result of
filtering (b) with
0 = —15.
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f(x, y) = median(s,t)ESxy{g(Si t)}
O smARs/NiERKEs

flx,y) = max {g(s,t)}

S,t)ESyxy
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FIGURE 5.10

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

{c) Result of
processing (b)
with this filter.
(d) Result of
processing (c)
with the same
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.
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FIGURE 5.12 (a) Image corrupted by additive uniform noise. (b) Image additionally cor-
rupted by additive salt-and-pepper noise. Image in (b) filtered witha 5 x 5:(c) arithmetic
mean filter; (d) geometric mean filter: (e) median filter; and (f) alpha-trimmed mean fil-
ter withd = 5.
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PR E R 88 (Bandreject Filters)
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FEH 25 (Notch Filters)




o)
o~ |
[
N
H
e

O I8 T5 PE K 28
f

_ /4

1, if D(u,v) < D, iy

14 /4

H(u,v)=<0, ifD0—7SD(u,U)SDO+?
. 14

\1, if D(u,v) > D, +?

[0 Butterworthss PEE K 25

1
H(u, U) = 2n
1+ D(u,v)W
D%(u,v) + D¢
O SErwFRER S

D?(u,v)+D3
Hu,v) =1—e 2w




-III_'-I%I- Bﬂi:mﬁi’:%

| |I’II

CHEHE

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) Image
corrupted by
sinusoidal noise,
(b) Spectrum of (a).
(c) Butterwaorth
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 imaqe 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

notch (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). {c) Notch pass filter shown superimposed on (b).
(d) Inverse Fourier transform of filtered image, showing noise patternin the spatial do-
main. (e) Result of notch reject filtering. (Original image courtesy of NOAAL)
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9(x,y) = HIf G, )] +n(x, )
O ZMR%

Hlaf; (x,y) + bf,(x,y)] = aH[f; (x,y)] + bH[f,(x, y)]
O NEATERY

H[f(x, y)] =g(x,y)
Hfx—ay—B)] =gx—ay—pB)

O ZBUEATERIER

9(x,y) = h(x,y) * f(x,y) + n(x,y)
G(u,v) = H(u,v)OF (u,v) + N(u,v)
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O 18300 E % 411 (Estimation by Image Observation)

O 1813 32861 (Estimation by Experimentation)

O @it FEE LT (Estimation by Modeling)
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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
Illustration of the
atmospheric
turbulence model.
(a) Negligible
turbulence.

(b) Severe
turbulence,

k = 0.0025.
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= Hw )’ F(u,v)=F(u,v)+H(u’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 off
outside a radius of
40: (¢) outside a
radius of 70; and
(d) outside a
radius of 85.
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FIGURE 5.28 Comparison of inverse- and Wiener filtering. (a) Result of full inverse filtering of Fig. 3.25(b).
(b) Radially limited inverse filter result. {(¢) Wiener filter result.
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FIGURE 5.29 (a) Image corrupted by motion blur and additive noise. (b) Resull of inverse filtering, (¢) Resull
of Wiener filtering. (d (1) Same sequence, but with noise variance one order of magnitude less (g)-i(i) Same
sgquence, but noise variance reduced by five orders of magnitude from (a). Note in (h) how the deblurred
image is quite visible through a “curtain™ of noise.
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FIGURE 5.30 Results of constrained least squares filtering. Compare (a), (b).and (c) with the Wiener filtering

results in Fi
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[1] C. Guillemot and O. Le Meur, "Image Inpainting : Overview and Recent Advances," in IEEE Signal
Processing Magazine, vol. 31, no. 1, pp. 127-144, Jan. 2014, doi: 10.1109/MSP.2013.2273004.
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ETEmAEEIREZE

O FEAEFR (Sunetal, SIGGRAPH 2005)

z

Figure 2: Structure propagation - 1D chain. (a) Z is the
input image region, €2 is the unknown region and C' is a user-
specified curve. Structure propagation synthesizes missing
image patches on a set of anchor points {p;}X, using the
sample set P. (b) P(x;) is a candidate patch in P which is

chosen for the anchor point p;.
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LEFMERBRIN RS (Sun et al, SIGGRAPH 2005)

E(X) = ZE1 (i) + Z Eo(zi, z5), El(_.r,:) _ l’,‘jsES(J"i) A k'IEI(-'l'-zi)

1EV (z j)Ee
R XA
FiEE X
[ . -
i ci(s) Ei(x)  E2(xi)
(a) ES(Xi) (b)

(a) Curve segments cxi (red) in the source patch, and curve segments ci (yellow) in the target rectangle.

Es(xi) measures the structure similarity between cxiand ci. dist is the shortest distance (black dotted line)
from point ci(s) on segment ci to segment cxi. (b) The green box shows the cost Ei(xi) on the boundary

of the unknown region. The red box shows the cost E2(xi, xJ) for neighboring patches.
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