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FIGURE 3.28 The mechanics of linear spatial filtering using a 3 X 3 filter mask. The form chosen to denote
the coordinates of the filter mask coefficients simplifies writing expressions for linear filtering.
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Correlation Convolution
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FIGURE 3.29 Illustration of 1-D correlation and convolution of a filter with a discrete unit impulse. Note that
correlation and convolution are functions of displacement.
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FIGURE 3.31
Another
representation of
a general 3 X 3
filter mask.
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1 1 1 1 2 1 FIGURE 3.32 Two

3 X 3 smoothing
(averaging) filter
1 1 masks. The

9% 1 1 1 18 % constant multipli-
er in front of each
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of its coefficients,
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Chapter 3

FIGURE 3.33 (a) Original image, of size 500 x 500 pixels (b)—(f) Results of smoothing
with square averaging filter masks of sizes m = 3, 5,9, 15, and 35, respectively. The black
squares at the top are of sizes 3,5,9,15,25, 35,45, and 55 pixels, respectively; their borders
are 25 pixels apart. The letters at the bottom range in size from 10 to 24 points, in
increments of 2 points; the large letter at the top is 60 points. The vertical bars are 5 pixels
wide and 100 pixels high; their separation is 20 pixels. The diameter of the circles is 25
pixels, and their borders are 15 pixels apart; their intensity levels range from 0% to 100%
black in increments of 20%. The background of the image is 10% black. The noisy
rectangles are of size 50 x 120 pixels.
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abc

FIGURE 3.34 (a) Image of size 528 X 485 pixels from the Hubble Space Telescope. (b) Image filtered with a
15 % 15 averaging mask. (c¢) Result of thresholding (b). (Original image courtesy of NASA.)
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FIGURE 3.35 (a) X-ray image of circuit board corrupted by salt-and-pepper noise. (b) Noise reduction with
a 3 X 3 averaging mask. (c) Noise reduction with a 3 X 3 median filter. (Original image courtesy of Mr.
Joseph E. Pascente, Lixi, Inc.)
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points are joined
by dashed lines as
a visualization aid,
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FIGURE 3.37

(a) Filter mask used
to implement

Eq. (3.6-6)

1 —4 1 1 -8 1 (b) Mask used to
implement an
extension of this
equation that
includes the
diagonal terms.
(c) and (d) Two
other implementa-
tions of the
Laplacian found
frequently in
practice.
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f(x,y)—V>f if the center coefficient of the Laplacian mask is negative.

9(x.y) ={

f(x,y)+V>f if the center coefficient of the Laplacian mask is positive.

g(x,y) = F(x,y)+c[V>F(x.y)]
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a
b ¢
de

FIGURE 3.38

(a) Blurred image
of the North Pole
of the moon.

(b) Laplacian
without scaling.
(c) Laplacian with
scaling. (d) Image
sharpened using
the mask in Fig.
3.37(a). (¢) Result
of using the mask
in Fig. 3.37(b).
(Original image
courtesy of
NASA.)
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a

b

c

d

FIGURE 3.39 1-D
illustration of the
mechanics of
unsharp masking.
(a) Original
signal. (b) Blurred
signal with
original shown
dashed for refere-
nce. (¢) Unsharp
Unsharp mask mask. (n|) Sharp-
ened signal,

obtained by
~7 A\ adding (c) to (a).

Original signal

Sharpened signal
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FIGURE 3.40

(a) Original
image.

(b) Result of
blurring with a
Gaussian filter.
(c) Unsharp
mask. (d) Result
of using unsharp
masking.

(e) Result of
using highboost
filtering.



YA
ouiiS 515 (ilSe (51 yili

SFgolS mlin Silo

JBe i sobu 55 5
UNSHARP MASKING AND HIGHBOOST FILTERING

bl g ()

X4y’
h(x’y)ze 26° sl A S L s oluels saaum (Y
aJlIglalJ&£~S43L4<V

s 35 yd Keole 3 suliiul Juala (¥

K=4.50 cwpisle 5ils 5l suliiul Juals (0

Prepared by Kazim Fouladi | Spring 2018 | 39 Edition

J—




¥4

6uiiS i Slse (sla yilid

SFgolS mlin Silo

SLal S gl sl J ol olEidne 5l suldnl

USE OF FIRST DERIVATIVES FOR ENHANCEMENT: THE GRADIENT

Prepared by Kazim Fouladi | Spring 2018 | 39 Edition

P

JJ.&@;%)AS&AMJJ@JLJ‘J}QQJHM(X,y)QLASMJch_tlJU‘:u‘;

of

ox
|
dy

:;‘ Sl C;‘)L).c Q\::J“)i J|JJ.3 L;a}‘.ﬁ:‘

V/ = mag(V) = |67 + 67 = (

Vf =[G,

+[G)|

Jaf
0x

J

2 2
N
dy

1
2



1
Qi ital ‘
& .
e
fi
.

© 1992-2008 R. C. Gonzalez & R. E. Woods

Digital Image Processing, 3rd ed.

Gonzalez & Woods
www.ImageProcessingPlace.com

Chapter 3

Intensity Transformations & Spatial Filtering

a
b ¢

de

FIGURE 3.41

A 3 > 3region of
an image (the zs
are intensity
values).

(b)—(c) Roberts
cross gradient
operators,
(d)—{e) Sohel
operators. All the
mask coefficients
sum to zero, as
expected of a
derivative
operator.
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FIGURE 3.42

(a) Optical image
of contact lens
(note defects on
the boundary at 4
and 5 o’clock).
(b) Sobel
gradient.
(Original image
courtesy of Pete
Sites, Perceptics
Corporation.)
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FIGURE 3.43

(a) Image of
whole body bone
scan.

(b) Laplacian of
(a).(c) Sharpened
image obtained by
adding (a) and (b).
(d) Sobel gradient
of (a).

© 1992-2008 R. C. Gonzalez & R. E. Woods



1 Digital Image Processing, 3rd ed.

ital . |
| L Gonzalez & Woods
(G Tk www.ImageProcessingPlace.com
LA L g g

\  c Chapter 3
Intensity Transformations & Spatial Filtering

FIGURE 3.43
(Continued)

(e) Sobel image
smoothed with a
5 X 5 averaging
filter. (f) Mask
image formed by
the product of (c)
and (e).

(g) Sharpened
image obtained
by the sum of (a)
and (f). (h) Final
result obtained by
applying a power-
law transformation
to (g). Compare
(g) and (h) with
(a). (Original
image courtesy of
G.E. Medical
Systems.)
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generate (a) a
crisp set, and (b) a
fuzzy set.

8= »

= ab

2 1 I— _wa(2) 1 FIGURE 3.44

= Pt LT3 .

7 o Membership

E functions used to
= 05 0.5

8

g’r

0 L L1 | 1 .Ape(z) 0
50 --- (

= Age (z)
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FIGURE 3.45

(a) Membership
functions of two
sets, A and B. (b)
Membership
function of the
complement of A.
(c) and (d)
Membership
functions of the
union and

\ intersection of the
two sets.

1A(Z)~ » 15(2)

- wa(z) =1 = pa(2)

Complement

Degree of membership

(2]

~

I [ Intersectjon
; \
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FIGURE 3.46
Membership
functions cor-
responding to Eqgs.
(3.8-6)-(3.8-11).
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n(z) a
-_E' Hyellow(Z) b
£ 1.0 (2) ¥ (2)
g o Hareen'2 £ Hred\ FIGURE 3.47
E (a) Membership
2 functions used to
g 05 fuzzily color,
3 (b) Fuzzifying a
Eh specific color -
5 B (Curves describing,

0 - “ color sensation are
Color (wavelength) bell shaped: see

w(z) Section 6.1 for an

o o example. Howe-
(2) ;

2 Hyellow(Z ver, using trian-
2 1.0 ) N (2) cr, using tria
2 (20) » Hgreen'Z o Hred\2 gular shapes as an
= Hred\ 20 approximation is
‘é common praclice
= 05 /7N 7 T TT\A when working
-: " Wyellow(Z0) | with fuzzy sets.)
B LT ETE i) :
) X )
A o Hogreen(Z0) | .

20

Color (\\a\'clcnglh)
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erd(V (v
1.0 =\ Mverd () o Henalf(V) S
Membership
o omar(V) functions
characterizing the
outputs verdant,
half-mature, and
marture.

Degree of membership

| I
10 20 30 40 50 60 70 80 90 100

Maturity (%)
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. . ab
n(z) u(‘t) g
=

i
1.0~ 1.0
- Mred(2)

FIGURE 3.49

(a) Shape of the
membership function
associated with the
color red, and

(b) corresponding

z 0 v output membership
Color Maturity function. These two
functions are
associated by rule R
(¢) Combined
representation of the
two functions. The
representation is 2-D
because the
independent
variables in (a) and
(b) are different.

(d) The AND of (a)
and (b), as defined in
Eq. (3.8-5).

05— - Homar(?)
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FIGURE 3.50

(a) Result of
computing the
minimum of an
arbitrary
constant, ¢, and
function p4(z, v)
from Eq. (3.8-12).
The minimum is
equivalent to an
AND operation.
(b) Cross section
(dark line) at a
specific color, Zg.
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n(z) a
-_,%‘ 1 Hyelow(Z) b
g 10] o green(D) N o Pred(2) ¢
1 M=% FIGURE 3.51
g ._{_ ______ (a) Membership
5 05} R functions with a
3 P2 N/ specific color, zg,
2 H selected.
a o . z (b) Individual fuzzy

%

Color (wavelength)

sets obtained from
Eqgs. (3.8-13)-

(3.8-15). (c) Final
fuzzy set obtained
1O} by using Eq. (3.8-
16) or (3.8-17).
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1. Fuzzify inputs, L Apply fuzzy lagical A Apply implication
: operation(s) (OR = mux). method (min). —
/\{nw \ﬁ ‘\,ﬂnmr
I I
IF  coloris green OR  consistency is hard ~ THEN Truit is verdant
T T
1 ]
1 I
1 i
yellow : meelium :
1 1
1
1

IF  color is yeliow OR  consistency is mediwm THEN fruit is half-mamire

[
. mature f / .

red
LoApply
IF color is red OR consistency is soft - THEN fruit is manire uggregalion
method (max).
Input 1 Input 2 5 Defurrify
Color (zq) Consistency (cy) {eenter of

ALY,
Chutput 4&
Marturity (vy)

FIGURE 3.52 Exumple illustrating the five basic steps used typically to implement a [uzzy, rule-based system:
(1) furzification, (2) logical operations (only OR was wsed in this example), (3) implication,
(4) aggregation. and (5) defuzzification.
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FIGURE 3.53

(a) Input and
(b) output
membership
functions for
[uzzy., rule-based
contrast
enhancement.,
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FIGURE 3.54 (a) Low-contrast image. (b) Result of histogram equalization. (c) Result of using
fuzzy, rule-based contrast enhancement.
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FIGURE 3.55 (a) and (b) Histograms of Figs. 3.54(a) and (b). (c) Input membership
functions superimposed on (a). (d) Histogram of Fig. 3.54(c).
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ab

FIGURE 3.56 (a) A 3 x 3 pixel neighborhood, and (b) corresponding intensity differences
between the center pixels and its neighbors. Only d,, dy, ds, and dg were used in the

present application to simplify the discussion.
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FIGURE 3.57
(a) Membership
function of the
fuzzy set zero.
(b) Membership
0 | | functions of the
fuzzy sets black
-L+1 0 L-1 0 L-1 and white.

ZE BL WH

Intensity differences Intensity
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Rule 1 Rule 2
IF IF
ZE
THEN THEN
ZE Zs — WH ZE 25 —
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Rule 3 Rule 4
ELSE| 25 p—| BL

FIGURE 3.58
Fuzzy rules for
boundary

detection.
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FIGURE 3.59 (a) CT scan of a human head. (b) Result of fuzzy spatial filtering using the membership
functions in Fig. 3.57 and the rules in Fig. 3.58. (c) Result after intensity scaling. The thin black picture
borders in (b) and (c) were added for clarity; they are not part of the data. (Original image courtesy of
Dr. David R. Pickens, Vanderbilt University.)
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