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Options Description T”l,'E 2'?

- Options for
Filtering Mode function

‘corr' Filtering is done using correlation (see Figs 2.14 and 2.15). Thisis | imfilter.

the default.
‘conv' Filtering is done using convolution (see Figs. 2.14 and 2.15).
Boundary Options

P The boundaries of the input image are extended by padding with
a value, P (written without quotes). This is the default, with value 0.

‘replicate’ The size of the image is extended by replicating the values in its
outer border.

‘symmetric'  The size of the image is extended by mirror-reflecting it across its
border.

‘circular’ The size of the image is extended by treating the image as one
period a 2-D periodic function.
Size Options

"full’ The output is of the same size as the extended (padded) image
(see Figs. 2.14 and 2.15).
'same' The output is of the same size as the input. This is achieved by

limiting the excursions of the center of the filter mask to points
contained in the original image (see Figs. 2.14 and 2.15). This is
the default.

© 2009 R. C. Gonzalez, R. E. Woods, and S. L. Eddins
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g = imfilter(f, w, filtering mode, boundary options,

Size Options
"full'

'same’

Options Description
Filtering Mode
‘corr' Filtering is done using correlation (see Figs. 3.13 and 3.14). This is
the default.
‘conv' Filtering is done using convolution (see Figs.3.13 and 3.14).
Boundary Options
P The boundaries of the input image are extended by padding with a
value, P (written without quotes). This is the default, with value 0.
‘replicate' The size of the image is extended by replicating the values in its
outer border.
‘symmetric'  The size of the image is extended by mirror-reflecting it across its
border.
‘circular’ The size of the image is extended by treating the image as one

period a 2-D periodic function.

The output is of the same size as the extended (padded) image
(see Figs.3.13 and 3.14).

The output is of the same size as the input. This is achieved by
limiting the excursions of the center of the filter mask to points
contained in the original image (see Figs. 3.13 and 3.14). This is
the default.

size options)

Options for
function
imfilter.
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AGURE 2.16

(a) Original image.
(b) Result of using
imfilter with
default zero
padding,

(c) Result with the
'replicate’
option

(d) Result with
the 'symmetric'
option.

(¢) Result with
the 'circular'
option. (f) Result
of converting the
original image to
class uint8 and
then filtering with
the 'replicate’
Opliﬂl’.l A filter of
size 31 %31 with
all 1s was used
throughout.
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| w = ones(31) | 3

(a) Original image.
(b) Result of using
imfilter with
default zero padding.
(c) Result with the
'replicate’
option. (d) Result
with the
'symmetric’

|gd imfilter(f,w) | ‘ gr = imfilter(f,w,’replicate’)
option. (¢) Result
with the 'circular'

q 5 option. (f) Result of
converting the
original image to
class uint8 and then
filtering with the
'replicate’
option. A filter of
size 31 X 31 with
all 1s was used
throughout.

k

‘ gs = imfilter(f,w,’symmetric’) g8r = imfilter(im2uint8(f),w,’replicate’) |

gc = imfilter(f,w,’circular’) ‘\
MATLAB
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Options Description TABI..E 24
Options for
Method function
‘symmetric’ The size of the image is extended by mirror-reflecting it pacarray.
across its border.
‘replicate’ The size of the image is extended by replicating the values in
its outer border.
‘circular’ The size of the image is extended by treating the image as
one period of a 2-D periodic function.
Direction
'pre’ Pad before the first element of each dimension.
'post’ Pad after the last element of each dimension.
'both’ Pad before the first element and after the last element of

each dimension. This is the default.

© 2009 R. C. Gonzalez, R. E. Woods, and S. L. Eddins
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PADDING FUNCTION

fp = padarray(f, [r c], method, direction)

Options Description

Method

'symmetric'  The size of the image is extended by mirror-reflecting it across its
border.

'replicate'  The size of the image is extended by replicating the values in its
outer border.

'‘circular’ The size of the image is extended by treating the image as one
period of a 2-D periodic function.

Direction

'pre' Pad before the first element of each dimension.

'post' Pad after the last element of each dimension.

'both' Pad before the first element and after the last element of each

dimension. This is the default.
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Options for
function
padarray.
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Type

Syntax and Parameters

'average'

"disk’

'gaussian’

‘laplacian’

"log’

‘motion’

‘prewitt’

'sobel’

‘unsharp’

fspecial('average', [r c]).A rectangular averaging filter of
size r X c.The default is 3 X 3 . A single number instead of

[r c] specifies a square filter.

fspecial('disk', r).A circular averaging filter (within a square
of size 2r + 1) with radius r.The default radius is 5.
fspecial('gaussian', [r c], sig).A Gaussian lowpass filter
of size r X ¢ and standard deviation sig (positive ). The defaults are

3% 3 and 0.5. A single number instead of [r ¢] speafies a square filter.

fspecial('laplacian’', alpha).A 3 X3 Laplacian filter whose
shape is specified by alpha. a number in the range [0, 1]. The
default value for alphais(.2.

fspecial('log’', [r c], sig).Laplacian of a Gaussian (LoG)
filter of size r X ¢ and standard deviation sig (positive). The
defaults are 5% 5 and 0.5. A single number instead of [r c] speci-
fies a square filter.

fspecial('motion’, len, theta).Outputs a filter that, when
convolved with an image, approximates linear motion (of a camera
with respect to the image) of 1len pixels. The direction of motion is
theta. measured in degrees, counterclockwise from the horizontal.
The defaults are 9 and 0, which represents a motion of 9 pixels in
the horizontal direction.

fspecial('prewitt'). Outputs a 3 X 3 Prewitt filter, wv, that
approximates a vertical gradient. A filter mask for the horizontal
gradient is obtained by transposing the result: wh = wv'.
fspecial('sobel'). Outputs a 3 X 3 Sobel filter, sv, that approxi-
mates a vertical gradient. A filter for the horizontal gradient is
obtained by transposing the result: sh = sv'.

fspecial ('unsharp', alpha).Outputs a3 3 unsharp filter; alpha
controls the shape:it must be in the range [0, 1]; the default is 0.2.

© 2009 R. C. Gonzalez, R. E. Woods, and S. L. Eddins

Digital Iinage Processing Using MATLAB® 2nd edition

Intensity Transformations and Spatial Filtering

TABLE 2.5

Spatial filters
supported by
function
fspecial. Several
of the filters in
this table are used
for edge detection
in Section 10.1.
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w = fspecial(
“type’,
’parameter’)

b sla ki

Type

Syntax and Parameters

'average’

'disk’

'gaussian’

J—

"log"

‘motion'

'prewitt’

'sobel’

"unsharp'

‘laplacian’

fspecial('average', [r c]).A rectangular averaging filter of
size r x ¢.The default is 3 X 3. A single number instead of

[r c] specifies a square filter.

fspecial('disk', r).A circular averaging filter (within a
square of size 2r + 1) with radius r.The default radius is 5.
fspecial('gaussian', [r c], sig).A Gaussian lowpass filter
of size r x c¢ and standard deviation sig (positive). The defaults
are 3 X 3 and 0.5. A single number instead of [r c¢] specifies a
square filter.

fspecial('laplacian', alpha).A 3 X 3 Lapiacian fiiter whose
shape is specified by alpha, a number in the range [0, 1]. The
default value for alphais 0.5.

fspecial('log', [r c], sig).Laplacian of a Gaussian (LoG)
filter of size r x c and standard deviation sig (positive). The
defaults are 5 X 5 and 0.5. A single number instead of [ c]
specifies a square filter.

fspecial('motion', len, theta).Outputs a filter that, when
convolved with an image, approximates linear motion (of a
camera with respect to the image) of 1en pixels. The direction of
motion is theta, measured in degrees, counterclockwise from the
horizontal. The defaults are 9 and 0, which represents a motion of
9 pixels in the horizontal direction.
fspecial('prewitt').Outputsa3 X 3 Prewitt mask, wv, that
approximates a vertical gradient. A mask for the horizontal
gradient is obtained by transposing the result: wh = wv'.
fspecial('sobel').Outputs a3 X 3 Sobel mask, sv, that
approximates a vertical gradient. A mask for the horizontal
gradient is obtained by transposing the result: sh = sv'.
fspecial('unsharp', alpha).Outputs a3 X 3 unsharp filter.
Parameter alpha controls the shape; it must be greater than 0 and
less than or equal to 1.0; the default is 0.2.

Spatial filters
supported by
function
fspecial.
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FIGURE 2.17

(a) Image of the
North Pole of the
Moo,

(b} Laplacian
filtered image,
using uint8
format. (Because
uint®8 is an
unsigned type,
negative values in
the output were
clipped to (1)

(e} Laplacian
filtered image
obtained using
floating point.
(d) Enhanced
result, obtained
by subtracting (c)
from (a).
(Original im-
age courtesy of
NASA)
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w = fspecial(‘Laplacian’, 0);
gl = imfilter(f,w,’replicate’);

e Sy Giulas e : JISa)

ab
cd

(a) Image of the
North Pole of the
moon.

(b) Laplacian
filtered image,
using uint8
formats.

(c) Laplacian
filtered image
obtained using
double formats.
(d) Enhanced
result, obtained
by subtracting (c)
from (a).

g = f2 - g2;
imshow(g)

f2 = tofloat(f);
g2 = imfilter(f2,w,’replicate’); ‘\

T
’U}(? MATLAB
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a
bec
AGURE 2.18
(a) Image of the
North Pole of the
moon. (b) Image
enhanced using
the Laplacian filter
'laplacian’,
which has a —4
in the center. (c)
Image enhanced
using a Laplacian
filter witha -8 in
the center
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bc
Image of the North
w4 = fspecial(‘Laplacian’, 0); Pole of the moon.

w8 = [111;1-81; 111];
f = toflat(f);

(b) Image
enhanced using the
Laplacian

filter ' laplacian',
which has a —4 in
the center. (c)
Image enhanced
using a Laplacian
filter witha —8in
the center.

| g4 = £ - imfilter(f,wd,’replicate’);

’gS = £ - imfilter(f,w8,’replicate’);

P
)U%PK
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L i Grlbiiisd Median
filtering: {a) X-ray
image. (b) Image
corrupted by
salt-and-pepper
noise, (c) Result
of median filtering
with medfilt2
using the default
settings.
{d) Result of
median filtering
using the
'symmetric’
option. Mote the
improvement in
border behavior
between (d) and
{e). (Original
image courtesy
of Lixi, Inc.)
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Order-Statistic (Rank) Filters

g = ordfilt2(f, order, domain)

g = ordfilt2(f, 1, ones(m, n)) e ‘
4ls yilid
Median Filter

g = medfilt2(f, [m n], padopt)
g = medfilt2(f)
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|fn = imnoise(f, €‘salt & pepper’, 0.2);

gms = medfilt2(fn, ‘symmetric’);

.@u‘amﬂexw‘sha‘,m‘)d‘}f}l

ab
cd

Median filtering,
(a) X-ray image.
(b) Image
corrupted by salt-
and-pepper noise.
(c) Result of
median filtering
with medfilt2
using the default
settings.

(d) Result of
median filtering
using the
‘symmetric’
image extension
option. Note the
improvement in
border behavior
between (d) and
(c).
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USING Fuzzy TECHNIQUES FOR INTENSITY TRANSFORMATIONS AND SPATIAL FILTERING

Fuzzy rules for
boundary
detection.
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4 22 I3 dy dy dr
Z‘ Es k3 d,‘ 0 '-{6
I % o dy ds dy
Pixel neighborhood Intensity differences

IF IF
ZE
THEN THEN
is ZE —»| WH s ZE ——»| WH
ZE
Rule 1 Rule 2
IF IF
ZE
THEN THEN
ZE s —| WH ZE s | WH
ZE
Rule 3 Rule 4
ELSE I | BL
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FAGURE 2.20
Membership
functions of (a) a
crisp set,and (b) a
fuzzy set.
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AGURE 2.21

- BA(Z) = 1 — puy(2) {a) Membership
functions of two
fuzzy sets, A and

»Complement B.(b) Member-

. ship function of

the complement

A2) = max[pal(2). mal(z)] ) = min[ p4(2), peal(2)] of A. (c) and (d)

Membership func-

tions of the union

and intersection

of A and B.
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TABLE 2.6 Some commonly-used membership functions and corresponding plots.

Name Equation Plot
Triangular 0 r<a »
()= (z—a)/(b—a) a=z<b Jiangular
me l=(z=b)f(c-b) b=z<c
0 €=z
Trapezoidal 0 .
‘1:—::1/((\—:" 'T Trapeaoidal
p(z)=11 5k
1-(z-b)/(c—-b) c=
0 d=z = 3 d ®
Sigma In i
pl(z)={(z—a)/(b—a) " Sigma
]l sl
o <
a b
S-shape? 0 z<a .
1[ :—u}' sEgp
i z
S(z.a,b)= " 2
z-bT
1-2 =z<b 3
=2l -
1 bsz
Bell-shape (oo [SEab) z<b i
HE= ] s2b-zaby b=z T / Reksboci
s
ple— et
Truncated I _a-of .
Gaussian ulz)=1¢ o |.'.- bl =(b-a) 1+ T\ Ttuncated Gaussian
| 0 otherwise 0507 .
SETTTTTY i
|
1
) ! z
M b 2%-a

"Typically, only the independent variable, z, is used as an argument when writing u(z) in order to simplify notation. We made an
exception in the S-shape curve in order to use its form in writing the equation of the Bell-shape curve.
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1 b

AGURE 2.22

(a) Membership
functions used to
fuzzify frequency
measurements.
(b) Fuzzifying a
specific measure-

(=5
8
2
v
=]
E
£
-
[¥]
:
0
1
A

&

Average vibration frequency ment, Zy

I
-_%" l' Biow(Z) Bmd(Z) Epugil 2)
2

Hepghl Zo)

g ..
g 05
v l{l‘mrd(zu)
7 D P p—G—
&
a D[WW(ZD] .

Average vibration frequency
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Membership
functions used for
characterizing the
fuzzy conditions
normal. marginal.
and near failure.
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IF frequencyislow AND  temperature is moderate  THEN — motor is normal
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|
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|
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I
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IF frequency is medium AND temp cishot THEN motor is marginal ‘

| I
I

high very hot failure / /
; 4. Apply.
IF frequencyis high AND temperatureis very hot THEN motor is near failure aggregation
method
v (OR = max)
Input 1 Input 2 & Defuzzify
Frequency (2p) Temperatre (cg) (center of
Output ey)

Degree of abnormality (ty)

FIGURE 2.25 Example illustrating the five basic steps used typically to implement a fuzzy rule-based system:
(1) fuzzification, (2) logical operations, (3) implication, (4) aggregation, and (5) defuzzification.
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1 | | | | | | | | T HGURE 2.26
Comparison
between the out-
puts of functions
fuzzysysfen
{plotted as a solid
line) and
approxfen (plot-
ted as circles con-
nected by dots).
The results are
visually indistin-
guishable. {Recall
from Section
2.3.1 that fplot
distributes the

0 L L L L | distance between
0 01 02 03 04 05 06 0.7 08 09 | plot point non-
uniformly. )
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FIGURE 2.27

(a) Input and (b)
output member-
ship functions for
fuzzy, rule-based
contrast enhance-
ment.
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FIGURE 2.28 (a) Low-contrast image. (b) Result of histogram equalization. {c) Result of fuzzy, rule-based, con-
trast enhancement.
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FIGURE 2.29 Histograms of the images in Fig. 2.28(a). (b), and (c), respectively.
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Pixel neighborhood Intensity differences

ab

FAGURE 2.30 (a) A 3 < 3 pixel neighborhood, and (b) corresponding intensity differences
between the center pixels and its neighbors. Only d,. dy, ds, and dg are used here to
simplify the discussion.
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AGURE 2.31 Membership function of the fuzzy set zero (ZE). (b) Membership functions
of the fuzzy sets black (BL) and white (WH).
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FIGURE 2.32 IF IF
Fuzzy rules for
boundary ZE
detection.
THEN THEN
i | ZE —»| WH I | ZE |—| WH
ZE
Rule 1 Rule 2
IF IF
ZE
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ZE s —»| WH ZE s —| WH
ZE
Rule 3 Rule 4
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FIGUREZ.33 (a) CT scan of a human head. (b) Result of fuzzy spatial filtering using the membership functions in
Fig. 2531 and the rules in Fig. 2.32. (¢) Besult after intensity scaling. The thin black picture borders in (k) 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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Lena=double(imread('Lena.jpg'))+1;
LenaR=Lena(:,:,1);

clear all LenaG=Lena(:,:,2);

im=imread('lena.jpg'); LenaB=Lena(:,:,3);

i=0; Y=0.299*LenaR+0.587*LenaG+0.114*LenaB;

while i<8; picl=mod(floor(Y/1),2);
t=double(rgb2gray(im)); pic2=mod(floor(Y/2),2);
yes=mod(floor(t/271),2); pic3=mod(floor(Y/4),2);
figure,imshow(yes); pic4=mod(floor(Y/8),2);
i=i+1; pic5=mod(floor(Y/16),2);

end; pic6=mod(floor(Y/32),2);

pic7=mod(floor(Y/64),2);
pic8=mod(floor(Y/128),2);
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M = 500:500:20000; t = zeros(1,40);
for k = 1:numel(M)

%f = @() sinfuni(M(k));

t0 = cputime;

sinfuni(M(k));

t(k) = cputime - t0O;
end
plot(M, t);
end
function y = sinfunl(M)
X = 0:M-1;

for k = 1:numel(x)
y(k) = sin(x(k)/(100*pi));
end

© 2009 R. C. Gonzalez, R. E. Woods, and S. L. Eddins



¥\

Gl..al&lu

SFgolS mlin Silo

igital
mMage usmc MATLAB
Processing

Rafael C. Gonzalez
Richard E. Woods
Steven L. Eddins

* Second Edition

Rafael C. Gonzalez, Richard E. Woods, Steven L. Eddins,
Digital Image Processing Using MATLAB®,

Second Edition, Pearson Prentice Hall, 2008.

Chapter 3 (3-4 .. 3-6)

P

Prepared by Kazim Fouladi | Spring 2018 | 39 Edition



