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N=8;,
=zeros (N,N) ,;
for n=1:N
for k=1:N
F(n,k)=exp(-j*2* (pi/N) * (n-1) * (k-1) ) ;

end

end

=cell (N,N) ,

for u=1:N
for v=1:N

Afu,v}=(F(:,u)*F(v,:));

end

end
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f=zeros (128,128) ,

£f(:,60:70)=1;,

imshow(f,[ ]),title('Original’');

F = £fft2(f),

S2=log(l1+abs (F));,

figure,imshow(S2,[ ]),title('Log of Abs of F');,
Fe=fftshift (F),

figure,imshow (log(l+abs(Fc)),[ ]) title('Log of Abs
shifted version'),

Phase=atan2 (imag (F) ,real (F) ), Regansifustad
figure, imshow (Phase,[ ]),title('Phase Angle');,
f2=real (ifft2(F)) ,

figure,imshow(f2,[ ]),title('Reconstructed’')




f=zeros (128,128) ;
£(60:70,:)=1,
imshow(f,[ ]),title('Original’);
F = fft2(f);,

S2=log(l+abs (F));, Reconstructed
figure,imshow(S2,[ ]),title('Log of Abs of F');,
Fe=fftshift (F);,

figure,imshow (log(l+abs(Fc)),[ ]) title('Log of
Abs of shifted version');,

f2=real (ifft2 (F)) ,

figure,imshow (f2,[ ]),title('Reconstructed’),

Ciriginal . )
- Log of Abs of F
- Log of Abs of shifted.version
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=zeros (128,128) ,

f£(58:68,58:68)=1,

imshow(f,[ ]),title('Original’');,

F = fft2(f),

S2=log(l1+abs (F));,

figure,imshow(S2,[ ]),title('Log of Abs of F');,

Fc=fftshift (F),

figure,;imshow(log(l+abs (Fc)),[ ]),title('Log of Abs of
shifted version'),

f2=real (ifft2(F) ),

figure,imshow (f2,[ ]),title('Reconstructed’),

Ciriginal
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f = imread('lena.gif');

imshow(f,[ ]),title('Original’);

F = fft2(f) ,

S2=log(l+abs(F))

figure,;imshow (S2,[ ]);

title('Log of Abs of F');,
Fec=fftshift (F);,

figure,;imshow (log(l+abs(Fc)),[ 1)~
title('Log of Abs of shifted version');,
f2=real (ifft2 (F)) ,

figure,imshow (£f2, ;title ('Reconstructe”'"' -
g (£2,[ 1) ( AL j1 0306iw] {1 sy 5015

Original
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Reconstructed




f = imread('lena.gif');

figure,imshow(f,[ ]) /title('Original');
= f£ft2(£f) ;

Fc=fftshift (F) ;

mask=zeros (size (F)) ;

MskWd=floor (size (F,1)*0.1/2) ;

mask (size(F,1l) /2-MskWd:size (F,1l) /2+MskWd,size (F,2)/2-
MskWd:size (F,2) /2+MskWd)=1;

figure,imshow (mask,[ ]) ,title('mask') ;

figure,imshow (real (ifft2 (fftshift (mask) .*F)) ,[]) ,title('Compre
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mask

Compressed Image




f = imread('lena.gif');
F = ££t2 (£f) ;
mask=zeros (size(F)) ;
for k=1:2:floor(size(F,1)/2)
MskWd=k;
mask (size(F,1l) /2-MskWd:size (F,1l) /2+MskWd,size (F,2)/2-
MskWd:size (F,2) /2+MskWd)=1;

subplot (121) ,imshow (mask) ,title (num2str (k*2)) ;
subplot (122) ,imshow (real (ifft2 (fftshift (mask) .*F)),[])
pause

end
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Linearity ax, (n)+bx,(n) — ay,(n)+by,(n)

Time Invariance x(n-n,) — y(n-n,)
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h(n—k)=T[5(n —k)]
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f=zeros (128,128) ;

f(64:end, :)=255;

figure,imshow(f,[ ]),title('Original’);
F=fft2 (£f) ;

sig=5;

H=1lpfilter ('gaussian',6128,128,siqg) ;
figure,imshow(H,[ ]),title('LPF"');

figure,imshow (fftshift (H) , [

]) ,title('centered LPF') ;

G=H.*F;

g=real (1fft2(G)) ;

figure,imshow(g,[ ]),title('Filtered')
figure,imagesc(g(1:15,:));

Original LPF
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f(m,n) 0<m<M -1 0<n<N -1
0 M<m<M;, N<=n<N,

- |
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=> > f(k,Dh,(m-k,n-1)«=>F,(u,v).H,(u,v)

k=0 1=0

It X (@) =Fx(n)},  H(w)=F{h(n)}
y(n) = ZX(I)h(n 1) = x(n)*h(n)

Fy(n)= Z xh(-}= Y I3 x(h(-kE ™ n-k=m|>

N=—ow k=-00

= 31 X(Wh(m) ™ = X (0)H ()
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f (m,n)*h(m,n) ={f.(m,n) ®h,(m,n)}

:ZZfe(k,l)he(m—k,n—l)< "L 5 F (u,v).H,(u,v)

k=0 1=0

f_.(m,n)*h (m,n)«="—>F @u,v)H, U,y)

fo(m,n)h, (m,n)«———{F (uyv)*H, Uuyv)}
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f=zeros (128,128) ;
f(64:end, :)=255;
PQ=paddedsize (size(f)) ;
F=f£ft2 (£,PQ (1) ,PQ(2)) ;
sig=5;

H=1lpfilter ('gaussian' ,fPQ(1l) ,PQ(2) ,2*sig) ;
G=H. *F;

g=real (1fft2(G)) ;

figure,imshow(g,[ ]),title('Filtered’')

Full Padded result Filtered
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ages taken from Gonzalez & Woods, Digital Image Processing (2002)

Frequency domain filtering operation
Filter
Fourier
— functi
transform ‘ H(u, :')1 ‘
F(u,v) H(u,v)F(u,v)
Pre-
processing

f(x,y)
Input
image
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Images taken from Gonzalez & Woods, Digital Image Processing (2002)
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Padded Lowpass Filter in
the Spatial domain

Result of filtering with padding
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FIGURE 4.10 (a) Perspective plot of an ideal lowpass filter transfer function. (b) Filter displaved as an
image. (¢) Filter radial cross section.
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Ideal filter Taa) )3 Jlac)

f = imread('cameraman.tif')
PQ=paddedsize (size(f) ),
F=fft2(£f,PQ(1) ,PQ(2))

sig=50;,
H=lpfilter('ideal',PQ(1) ,PQ(2) ,siqg)
imshow (fftshift(H),[ ]),

G=H. *F';

g=real (ifft2(G))
g=g(l:size(f,1),1:size(f,2));
figure;,
imshow(g, [ 1);
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Matrix size
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5 IMAIOS 207§°auency domain

Image after inverse
Fourier transform

Space domain
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(a) Perspective plot of a GLPF transfer function. (b) Filter displaved as an image. (¢) Filter
rachal cross sections for various values of D,
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15116 Jlac]

f = imread('cameraman.tif');
imshow(£t,[ ]);,
PQ=paddedsize (size(f) ),
=fft2 (£,PQ (1) ,PQ(2)),
sig=50;
=lpfilter ('gaussian',PQ(1) ,PQ(2),siqg)
figure;,
imshow (fftshift(H),[ ])-,
G=H. *F;
g=real (ifft2 (G) ),
g=g(l:size(f,1),1:size(£f,2));,
figure;,

imshow(g,[ 1)/







Images taken from Gonzalez & Woods, Digital Image Processing (2002)

fax transmissions

=

(a) Sample text of
poor resolution
(note broken
characters in
magnified view).
(b) Result of
filtering with a
GLPF (broken
character
segments were
juilh.‘d ).

Historicaliy, certain computer
programs were written using
only two digits rather than
four to define the applicable
year, Accordingly, the
company's software may
recognize a date using "00"

as 1900 rather than ﬂ%r
2000.

Historically, certain computer
programs were written using
only two digits rather than
four to define the applicable
year. Accordingly, the
company's software may
recognize a date using "00"

as 1900 rather than the yEar
2000. f
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Images taken from Gonzalez & Woods, Digital Image Processing (2002)

ab ¢ Z‘ &
(a) Original image (1028 X 732 pixels). (b} Result of filtering with a GLPF with D, = 100, >
(c) Result of filtering with a GLPF with D, = 50. Note reduction in skin fine lines in the magnified sections
aof (b) and (c).
||L}""‘"3".. 5
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ages taken from Gonzalez & Woods, Digital Image Processing (2002) dbﬂb —
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(a) Image showing prominent scan lines. (b) Result of using a GLPF with D, = 30. (¢) Result
of using a GLPF with Dy = 10. (Original image courtesy of NOAA.)
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Hiah Pass Filter

f = imread('cameraman.tif');
imshow (£, []);

PQ=paddedsize (size(f) ),
=fft2 (£,PQ(1) ,PQ(2))
sig=50,
=lpfilter('ideal',PQ(1) ,PQ(2) ,sig)

Hh=1-H,

figure,

imshow (fftshift (Hh), [])
G=Hh. *F';

g=real (ifft2 (G) ),

g=g(l:size(f,1),1:size(£f,2));
Figure,imshow (g, []);
Figure;imshow (abs (g) ,[]);
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Hiah Pass Filter

f = imread('cameraman.tif');
imshow (£, []);

PQ=paddedsize (size(f)) ,
F=fft2(£,PQ(1) ,PQ(2) ),
sig=50;

H=lpfilter ('gaussian' ,PQ(1) ,PQ(2) ,siqg)
Hh=1-H,

figure,

imshow (fftshift (Hh),[]) ,
G=Hh. *F';

g=real (ifft2(G) ),

g=g(l:size(f,1),1:size(f,2));
Figure;imshow (g, []) ;
Figure,; imshow (abs (g), [
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clear all,clc;

f = imread('cameraman.tif')
imshow(£,[ ]);

=fspecial ('sobel’) ';
PQ=paddedsize (size(f)) ,
F=fft2 (£,PQ(1) ,PQ(2)),
Hl=freqz2 (h,PQ(1) ,PQ(2))
H=fftshift (H1)
figure,;imshow (abs (H1) ,[ ]);
figure,; imshow (abs (H) ,[ ])
G=H. *F;

g=real (ifft2 (G) ),
g=g(l:size(f,1),1:size(£f,2));,
figure,;imshow (g, [ ]);
figure,;imshow(abs(g),[ 1)
gs=imfilter (double (f) ,h)
figure,;imshow(gs,[ ]);
figure,;imshow (abs(gs),[ ]);
d=abs (gs-qg) ;
max(d(:))
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