Prednaska 12

Praktikum z MATLABuU
Elena Sikudova




Jean Baptiste Joseph Fourier (1768-1830)

Kazda periodicka funkcia sa da vyjadrit ako vazena suma sinusov a
kosinusov roznych frekvencii.
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MATLAB - periodicky signal

Fs = 1000; % Sampling frequency
T =1/Fs; % Sample time

L = 1000; % Length of signal

t = (o:L-1)*T; % Time vector

y1=0.9*sin(2*pi*10*t);

- y2 =0.3*sin(2*pi*30*t);

- Y3 = YLty2;
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MATLAB - periodicky signal

NFFT = 2Anextpow2(L); % Next power of 2 from length of L
Y = fft(y3,NFFT)/L;
t= Fs/i*linspace(o,1,NFFT/2),-
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Fourierova Transformacia
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Funkcie, ktore nie su periodicke, ale konecne sa daju vyjadrit ako
integral vahovanych sinusov a kosinusov

HoTe .'_Z F(x)e ™ dx

f(x)= "'_ZF(S)eMdS

F(u,v):.

f(x,y)z.

" fn e iy

B (u,v)e” ™" dudy
bJ

e’’ =cos @+ jsin @



2D FT a IFT (pre obrazy)

DFT i X
F(u U) == MLZ 2 (.X y)e—]Z Ux v)’)

u, v : frekvencné premenne
- X, Y : priestorové premenné

F(0,0) =2



2D DFT spektra

Spektrum (magnituda), fazovy uhol a silove spektrum:

F(u,v)| = [Rz(u,.v) +1%(u, V)F (spectrum)

(u,v

Hu,v) = tan{R } (phase angle)

P(u,v) = ‘F(u, v)‘2 = R*(u,v)+ 17 (u,v) (power spectrum)

R(u,v): realna cast F(u,v)

I(u,v): imaginarna cast F(u,v)



Spektrum
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FIGURE 4.4 (a) A simple function; (b) its Fourier transform; and (c) the spectrum. All functions extend to
infinity in both directions.




MATLAB fft2, spektr3

cameraman.tif

Vypoditajte a zobrazte:
Fft2 '
Fourier spectrum
Phase angle
Power spectrum

- real(), imag(), ...




Centrovanie FT

A=reshape(a:25,5,[])
B=fftshift(A)
ifftshift(B)
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FIGURE 4.23
Centering the
Fourier transform.
(a) A 1-D DFT
showing an infinite
number of periods
(b) Shifted DFT
obtained by
multiplying f(
y ( before
computing F(u).
(c) A2-D DFT
showing an infinite
number of periods.
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MATLAB fftshift

f1(245:265,225:285) = 1;
%% =

F = fft2(f1); ‘

S = abs(F);
imshow(S,[1);

%%

S1 = abs(Fc);
~ imshow(51,[]);

%%

~imshow(52,[]);




Centrovanie FT
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Bazovée funkcie

wavelength=100;

orientation=135;

g =.'gabor(wavélength,orientation),-
aa=imadjust(real(g.SpatialKernel), [I);

imshow(aa)



FFT rekonstrukcia

a = imread('cameraman.tif');
figure; imshow(a,[]);

Fa = fft2(a);
figure; imshow(log(abs(fftshift(Fa))),[1);

b = real(ifft2(Fa));
figure; imshow(b,[1);




Konvolucna teorema

£, )% hx, y) < Fu,v)H (u,v)
£ (e, )R, ) € F i, v)* H (u,v)



Filtracia vo frekvencnej oblasti

Frequency domain filtering operation

Filter [nverse
function Fourier
H . v) transform

Fourier
transform

T T H . v)Flu,v)
[ ore [ Post-
'\ processing, '\ processing

flx.y) glx.y)

[nput Enhanced
image image




Filtrdcia vo frekvenénej oblasti

Xy gy f* g (xy)

I ¢ |
F(u,v) G(u,v) H(VAYLEI(VAY) IDFT [F(u,v) G(u,v)]



Frekvencne filtre

1. Dolnopriepustny filter (rozmazanie)
Zachova nizke frekvencie

2. H'ornopriepustn;'/filter(ostrenie)
Zachova vysoke frekvencie

3. Pasmovy filter Band-pass
Zachova urcite pasmo frekvencii

4. Pasmovy filter Band-stop
Potlaci urcite pasmo frekvencii



Dolnopriepustny filter

“Einstein” DFT of “Einstein”

VS

Noise=40*rand(256,256);




Dolnopriepustny filter
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Dolnopriepustny filter:
Ideal Lowpass Filters (ILPFs)

0 1if D(u,v)= D,
1 1if D(u,v)< D,

H(u,v) ={




ILPF problém

Idealny = daju sa presne vymedzit frekvencie

Problém: rozvinenie rekonstruovaného obrazu — "=
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MATLAB - ILPF

Aplikujte ILPF na timthumb.jpg

-2 ~
= '8

Vyskusajte rozne D,

1| e
H=zeros(512); it S 4
- sgm oo IME5
radius=32; : oan WIS =6
h = imbinarize(fspecial('disk’,radius), 0); —_2
s=m Il =

H(256-radius:256+radius,256-radius:256+radius)=h; S _—

figure, imshow(H)



Butterworth Lowpass Filters (BLPFs)

1

BLPF with ordern  H(u,v) = -
1+|D(u,v)/ D, |

Diu, v)




MATLAB - BLPF

Aplikujte BLPF na timthumb.jpg

Vyskusajte rozne n, D,

X=-256:255;

- [X,Y] = meshgrid(x,x);
D=sqrt(X.A2 + Y.A2);

© H=2a



Gaussian Lowpass Filters (GLPFs)

H(u, v) S e—Dz(u,v)/ng

Hi{u, v)

!

D, v)




MATLAB - GLPF

Aplikujte GLPF na timthumb.jpg

Vyskusajte rozne D,

H=fspecial(‘gaussian’,hsize,sigma)



High pass filters

- sharpening

Ideal highpass filter
0 - 1if D(u,v)< D,

g uLvls {1 if D(u,v)> D,

Butterworth highpass filter

]
H —
(#.7) 1+|D, / D(u,v)["

Gaussian highpass filter

H(u,v) g e—Dz(u,v)/ng




Notch filter (band stop, narrow band)

H(u,v):{? if (u,v)=(M/2,N/2)

otherwise.

Nastavi F(0,0) na nulu. Priemerna intenzita obrazu bude o.

Da sa pouzit na potlacenie konkretnej frekvencie a je; okolla (ako
ideal, B alebo G filter)




-

Band stop, band pass | &

H=1-(D>D1&D<=D2); Input image
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MATLAB - noise reduction

y=double(checkerboard(2,64,64)>0.5);
a=double(imread(‘cameraman.tif'))+10*y,

F = fft2(a);
FF=fftshift(F);

 IF=Fftshift(FF);
b=ifft2(IF);
figure, imshow(real(b),[])



