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Bit wise AND o

the image.

FIGURE 3.48: (o) Input image-
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FIGURE 3.48: [c)
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FIGURE 3.34 (a) Image of size 528 X 485 pi i
) pixels from the Hubble Space el : s
15 % 15 averaging mask. (¢) Result of thresholding (b). (Original image mz;c;%eﬂf% filtered with a

3.5.2 Order-Statisﬂ-c (Nonlinear) Filters
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FIGURE 3.35 (4) X-ray imace of «
a3y /) A-Tay imag
37 3 averaging mask. (c)
#ph E. Pascente, Lixi, Inc.)

110

Scanned with CamScanner



Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




126

Scanned with CamScanner



Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




a9 an mvevcmwjouo] @ Undwy - faunsp
j o Hu

y  JAl

¥ Conpt S e
C o covad QAN Mok to (uiag
- - hq ) Mhawpling 1 oUdtuMe

Mi'ng fVJ | Wﬂ-c}'e_ﬂ

1 3 (mrvusus Vol'able £ § 2
| imiped in quawed only 1f 74

by I berb coovolinate ol /'Aeth'eyy .
HH’F’IH the  olwkat ov % Mhe

ws Covvupting s : Preq

to InpImiry I

fam b o 251,: Vi Lwi;fm'y.( 9

Scanned with CamScanner



Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




138

Scanned with CamScanner




al image with negligible visual aliasi
| deletion. Aliasing is clearly Vllls;;
3 % 3 averaging filter prior to resizing. The image 18 Si

o e, (Onginal image courtsy of the S
ia, Santa Barbara.)

npled images. (a) A digit
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4.7 m The Basics of Filtering in the Frequency Domain  £97

Hiu, 1)

H(u, v) Hiu, 1) ‘I‘

ibc

. -f4.31 T w: frequency domain filters. Bottom row: corresponding filtered images obtained using
op row: frequenc : e ondir ges ¢ .

FE?’(:.E?-I}_Wc t{}sed a = 0.85 in (¢) to abtain () (the height of the filter itself is 1). Compare (f) with Fig. 4.29(a).

' | i ' dding.
It of blurring with a Gaussian lowpass filter without pa
h (;)d;{;;u Compare mf light area of the vertical edges in (b) and (c).
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320  Chapter 5 W Image Restoration and Reconstruction

a
b

FIGURE 5.5

(a) Image
corrupted by
sinusoidal noise.

one sine wave).
(Original image
courtesy of

NASA.)
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Exponential

2 Gaussian, Rayleigh, and gammanoise (0 { o 34 (Contiriued) Tmages and histogratis resulting from adding exponcatial, yaiform, and sal-ar
s L ~ OS¢ 0 the image in Fig 53, s g g i
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Chapter - 6 Restoration 495

FIGURE 6.19: (d) Filtered image with median
filter

£6.19: (o) Filtered image with mean filter

6.19: (a) Input image (b) noisy image, image filtered by (c) mean (d) Median
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“napter - 6 Restoration 497

FGURE 6.20: (c) Filtered image with 5 x 5

FIGURE 6.20: (d) Filtered image with 7 x 7
median filter median filter

FIGURE 6.20: (o) Noisy image, image filtered by median filter of size (b) 3 x 3 [¢) 5 x 5
47 x7

b. Max and Min Filter

The restored image from a max filter is given by

f(xy) = max {g(s1)] (6.2
Thus new value at = max {g(s)}  _  ax (30, 10, 20, 10, 250,25, 20,25, 30
{'x,}'j in flg 6.91 sLE ‘S‘)
T
20 X ¥ F
50 |10 ¢
hax x 250 X
10 |250 |95 |———
ﬁltcr x % X
20 |25 |30

FIGURE 6.21: Example of max filter

Example 6,3
Slow the effect of 3 x 3 max on image in ﬁg 6.22 (a}
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f

{

i |
-— " ‘_,.‘
J

o

E]

' | ' FIGURE 6.27: (d) Filtered _
FIGURE 6.27: (o) Filtered image using median ps | .
filter

o
o

FIGURE 6.27: (e) Filtered image using min FIGURE 6.27: (f)Filtere
filter point filter |',‘
L] .
bk, o (el medidh
FIGURE 6.27: Original image (b) noisy image, filtlered image using (€} M

(f] mid point filter S

d. Alpha-trimmed Mean Filter
Let there be m x n pixels in neighbourhood S . Remove % lowes!
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332 Chapter § ®m Image Restoration and Reconstruction

ab

cd

FIGURE 5.13

(a) Image
corrupted by
noise of zero
mean and
variance 1000.
(b) Result of
arithmetic mean
filtering.

(c) Result of
geometric mean

filtering.

(d) Result of
adaptive noise
reduction

filtering. All filters
were of size
T -
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