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Fast Fourier Transform -
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Y = fft(X,n) returns the n-point DFT

shaad plos miow a0 P3SN X Job )3\ o
S0 adbs) JGSaw (slgdi) @ yio

cslalnpia cslahian



AT (532305 )98 (JIsa3

@IS0 A )3 cipo ) amapils ¢ 53w sy
N-1N-1

F(u,v)=— ZZf(x y)exp(—j2z(ux/N +vy/N))

x0y0

N

1 -1
N u=0
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Wl phas 0301 Cuws @ =

N=8,
F=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
A=cell (N,N) ,;
for u=1:N
for v=1:N
Afu,v}=(F(:,u) *F(v,:));
end

end
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Fourier Spectrum

\F(u,v)\z[Rz(u V)+1°U ,v)]l/2

Phase Angle

Fu,v)=|F@u,y)e "

Power Spectrum

P(u,v)=\F(u,v)\2 =R*U,v)+1°Uu,v)
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Basis Images of 2-D DFT; N=8
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=zeros (128,128) ,;

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

= fft2(f);

52 =log(l+abs (F))

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

c=fftshift (F);,

figure,;imshow (log(l+abs(Fc)),[ ]) ,title('Log of Abs
shifted version'),
Phase=atan2 (imag (F) ,real (F)) ; Recanstrusted
figure,imshow (Phase,[ ]) title('Phase Angle');,
f2=real (ifft2 (F)) ,

Log of Abs of F Log of Abs of

shifted version

Criginal




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’)

Criginal . )
_ Log of Abs of F
: Log of Abs of shifted.version



W JGe -

=zeros (128,128) ,;

£f(58:68,58:68)=1,

imshow(f,[ ]),title('Original’');

F = fft2(f);,

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

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
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Log of Abs of F Log of Abs of shifted version

Feconstructed

csllwpiz cslahuao



W)08 J3ss3 Slwogos =

Ohnel) uils)s golgd osly ol Cigs
oslawl @ygd Jasa3 j d(pgos ) @Lxmo)
Qi (0

Mo ou38)s olusy (30009) b (,slg3 —

010 V)8 (;43)33 (I60G) SIS b (8lg) —

D0 ou35)s (,3LeS0 (IBig) CNpaes b (8lgd —

csldwpiz cslahas



wlb pobos -—

F(0,0)x(L . - F0,1)x( .]

=08068 -8732. 34 + .

F (L,0)x( i . L /B +

)+ F@I)

331.5 - 19201.6i -26840.2 + 22678.2i

F(Z,O)X(i += )+

-6749.5 - 3133.36i

F (3,0)x E E F (32,32) x (

-133. - 279.i
474.481 - 9085.3i
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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 (1f£ft2 (F)) ,;

figure;imshow (f2,[ ]),title('Reconstructe

17\ .

o3 jl osliiw] O JswT (sojlril

Original
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Log of Abs of F Log of Abs of shifted version

Reconstructed




f = imread('lena.gif');
figure,imshow(f, [ ]) ;title('Original');
F = £fft2(f) ;

Fc=fftshift (F) ;

mask=zeros (size (F)) ;

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

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

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

figure,imshow (real (1fft2 (fftshift (mask) .*F)),[]) ,title('Compre
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Original

mask Compressed Image
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f = imread('lena.gif');
F = ££ft2 (f) ;
mask=zeros (size (F)) ;
for k=1:2:floor(size(F,1)/2)
MskWd=k;
mask (size(F,1) /2-MskWd:size (F,1) /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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m =rcosé| . . :
_ In spatial domain
n=rsiné U =wCOoS¢

V =wSIng¢

}in frequency domain

F(m,n)e—1(r,0) (f (r,0+60,) <2 >F(0,4+6,)

f(r,0)«2" 5 F(w,0¢) ;
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Criginal Log of Abs of shifted version

Criginal Log of Abs of shifted version
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[ | -
[ | ] x(n)=Y x(k)5(n—k)
-2 -1 2
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X (n)——y (n)

31 Ol 1) Oy @ Plg3e 1) JESuw yo

o0

x(n)= > x(k)s(n-k)

kK =—o0

:Cubls easlgh gy ¢ L
- 4

y(n) =T [x(n)] =T[§: X (k)o(n—k)]
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6] —»f g |—> hin]

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

Time Invariance x(n-n,) — y(n-n,)

o0

Y(n)=T[i X (k)o(n k)= >, x (k)T [6(n k)]

=—00

SGuns T [o(n-K)] awb 35 230 Jla °
;b easled sbl h(n) =T [5(n)] )5) —

h(n—-k)=T[d(n—-k)]

! (A)
cslalnpia cslahian 5(n_k)_—)h(n_k)




eI =

y (M) =TLY x(K)s(n k)= 3 x (k)T [5(n —k)]

= k =—00

h(n—K)=T[5(n—k)]
S(n—k) =T —h(n—k)

= 3 x (K)h(n —k)

o0

y (M) =TS x(K)5M k)= x (KT [5(n —K)]

= k =—00

y(n) = z(n) * h(n)
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+00 —+00

g(m,n)=f (m,n)*h(m, n)_ZZf(k h(m —k,n 1)
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f=zeros (128,128) ;

f(64:end, :)=255;

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

sig=5;

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

figure,imshow (fftshift (H) , [

]) ,title('centered LPF') ;

G=H.*F;

g=real (ifft2(G)) ;

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

Jriginal LPF
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f(m,n) 0<m<M -1 0<n<N -1

f,(m,n)=
0 M<m<M,, N=<n<N,

h(m,n) 0<m<A-1 0<n<B-1
h.(m,n) =
0 A<m<M, B=<n<N,
M, =M +A-1, N,=N+B-1

0 ssgﬁy(,,o Jlacl h o f s Wolile (swBYs * &
1 o) ) 2)0s B 3 awwlas Lglils abglyls

Qi (0 AT8)S JB)
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f(m,n) 0<m<M -1 0<n<N -1
f,(m,n)=
0 M<m<M;, N<=<n<N,
M x N
h AxB
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I h(m,n) 0<m<A-1 0<n<B-1
h,(m,n) =
0 A<m<M, B<n<N,
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Oni5)d (52j0a )» WYY sawlas -
f (m,n)*h(m,n) ={f.(m,n)®h,(m,n)}

=> > 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(l)h(ﬂ 1) = x(n)*h(n)

FY() = 3 x(on(-Ky = 313 xn(n-kE nek=mfo

o0

Z Z x(k)h(m)e "™ = X (0)H (o)
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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 F (u,v).H, (u,v)

k=0 1=0

f_(m,n)*h (m,n)«="—>F Uu,v)H, U,)

f, (M, n).h, (M, ) 2T {F, (uv)*H, uv)}

39 A0 J98 (IL5ES (5 0j9 )3 I Jslzo (A0 Lo (50)98 )3 (MbYJI(S

cwl Juil5)$ s 0j9s )3 pabIgil5 Jsleos plas ploj (50j9s )5 Ipb
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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=1pfilter ('gaussian' ,PQ(1l) ,PQ(2) ,2*siqg) ;
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-

HLs Jlacl cuwl S)py Jai s)9.0 (soppld a3 (s3)lg0 )3
SHUY ()0 jl Olwlas Bl @y puil5)s (saisls )s

.l jlyj9du
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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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image. (¢) Filter radial cross section.
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FIGURE 4.10 (a) Perspective plot of an ideal lowpass filter transfer function. (b) Filter displaved as an




Ideal filter Tawl jibis 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) ,sig)
imshow (fftshift(H),[ ]),

G=H. *F';

g=real (ifft2(G)) ,
g=g(l:size(f,1),1:size(£f,2));
figure;,
imshow (g, [ ])/
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(a) Perspective plot of a GLPF transfer function. (b) Filter displaved as an image. (¢) Filter
radial cross sections for various values of D,
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f = imread('cameraman.tif');
imshow(£t,[ ]) -,
PQ=paddedsize (size(f) ),
=£f£ft2 (£,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)/
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(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
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Images taken from Gonzalez & Woods, Digital Image Processing (2002)

ab ¢ :, &
(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, = 5. Note reduction in skin fine lines in the magnified sections

of (b) and (c).
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ages taken from Gonzalez & Woods, Digital Image Processing (2002)

(a) Image showing prominent scan lines. (b) Result of using a GLPF with D, = 30. (¢) Result
of using a GLPF with D, = 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), []) s
G=Hh. *F;

g=real (ifft2 (G) ),

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







Hiah Pass Filter
f = imread('cameraman.tif');,
imshow (£, []);
PQ=paddedsize (size (f))
=fft2 (£,PQ(1) ,PQ(2))
sig=50;
=lpfilter ('gaussian',PQ(1) ,PQ(2),siqg)
Hh=1-H;
figure,
imshow (fftshift (Hh), []) s
G=Hh. *F;
g=real (ifft2 (G) ),

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