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20 FT properties

The FT of an image is insensitive to translation.
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imagesc(logl@(abs(F0)));

color‘map(gr‘ay)@

. . i ‘

imshow(IT) imshow(uint8(abs(FT))) imagesc(logl@(abs(FT)));
colormap(gray)

imshow(IO) imshow(uint8(abs(F0)))
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2D FT properties

The FT of an image is insensitive to translation.
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2D FT properties

The FT of an image is sensitive to rotation.
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imshow(I0) imshow(uint8(abs(F0))) imagesc(loglo(abs(FR)));
colormap(gray)

The spectrum rotates by the same angle as the image

2D DFT and 2D Fourier Transform

N
(prof. M. Rizzardi)

imshow(IR) imshow(uint8(abs(FR))) imageigﬁﬁﬁ;ﬁggﬁ:ﬁ;m));




2D FT properties

The FT of an image is sensitive to rotation.
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The spectrum rotates by the same angle as the image
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Example: Which part of Fourier spectrum is fundamental?

f=imread('./Fourier.

if rem(m,2) == 0, f=[f; zeros(l size(f, 2))],

else f(end, :)=zeros(1,size(f,2)); m=m-1; . N
end ’ ’ make the input periodic
if rem(n,2) == @, f=[f zeros(size(f,1),1)]; and m, n even
else f(:,end)=zeros(size(f,1),1); n=n-1;

end

figure; imagesc(f); axis equal; colorma axis tight igil’l(l" image

[h,k]=meshgrid(@:n-1, @:m-1); F= fftshift(fft2(f m,n)).*(-1).~(h+k);

F=[F3F(1,:)]; F=[F F(:,1)]; non-optimal algorithm
igure; imagesc(loglo(abs(F))); colormap( jet™); axis equal; axis tight plot spectrum
mMid=m/2+1; nMid=n/2+1;

perc=0.20; Hm=fix(m/2*perc); Hn=fix(n/2*perc);

I=-mMid-Hm : mMid+Hm; J=nMid-Hn : nMid+Hn; FF=zeros(size(F)); FF(I,3)=F(I,J); reduced FT

ff=fftshift(ifFt2(FF,m,n)) .*(-1).~(h+k); ff=[ff;ff(1,:)]; Ff=[ff f(:,1)];|non-optimal algorit

figure; imagesc(real(ff)); colormap(gray); axis equal; axis tight
xlabel(['reduction to (' num2str(1@0*perc) '%)"2'])
title(['Reconstruction from reduced FT of size ' num2str(2*Hm+l) ' x ' num2str(2*Hn+1)])

2D DFT and 2D Fourier Transform SCp2_14b.6
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Example: Which part of Fourier spectrum is fundamental?

Original image of size 985 x 805 Reconstruction from reduced FT of size 493 x 403

SCp2_14b.7

mMid=m/2+1; nMid=n/2+1;
perc=0.20;

Hm=fix(m/2*perc); Hn=fix(n/2*perc);
I=mMid-Hm : mMid+Hm;

J=nMid-Hn : nMid+Hn;

FF=zeros(size(F)); |FF(I,3)=F(I,3J);|
reduced FT

(f); axis tight; axis equal; colormap(gray)
s
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SCp2_14b.8

perc=20%

2D DFT and 2D Fourier Transform

The key part of Fourier
i Spectrum is the middle!

But, fo reconstruct the image, we
need the whole large matrix, since the
reduced FT must be placed in the
center.
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imagesc(log10{abs(FT)))

low-pass filter VS high—poss filter

Reconstruction from low-pass filtered FT
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imagesc(f); axis tight; axis equal; colormap(gray)
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High-pass filter: Spectrum of reduced FT
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imagesc(log10{abs(FT)))
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imagesc(f); axis tight; axis equal; colormap(gray)
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low-pass filter 20% high-pass filter 20%

Low-pass filter: Spectrum of reduced FT Spectrum of FT of size 985 x 805 High-pass filter: Spectrum of reduced FT
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Example: image compression i

SCp2_14b.11

f= ... 3 F= ... 5 nMid= ... ; mMid= ... ; perc=0.20;

Hn= ... ; Hn= ... ; i= .. j= 5 FF=zeros(size(F)); zero padding
FF=F(i,j); ff= fftshlft(lfftZ(FF m n)) *(-1).~(h+k);
figure; imagesc(real(f)); axis equal colormap(gray); axis tight

%iéure; imagesc(real(ff)); axis equal; colormap(gray) ; axis tight

‘C=dct2$ f);] CC=C(1:2*Hm+1,1:2*Hn+1); 2D DCT and reduced DCT
cc=idct2(CC,m,n); image reconstruction from reduced DCT

figure; imagesc(cc); axis equal; colormap(gray); ce

DCT = Discrete Cosine Tmnsform b usedf 1ppﬁ¢&npressnon

\ ,/'g - _(37 Q{s}/ a compression)
in MATLAB for 2D DCT:

det2() and idet2()
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Example: FT returns, in general, complex values.
What is more important, between argument (phase -amngle) and
modulus (magnitude) of a FT, in reconstructing an image from its FT?

SCp2_14b.13

figl=imread('McCartney.jpg’');
fig2=imread('Starr.jpg');

figure(1l); clf

subplot(1,2,1); imshow(figl)
subplot(1,2,2); imshow(fig2)
sgtitle('Original images')

%% mixing Fourier Transforms
Ffigl=fft2(double(figl));
Ffig2=fft2(double(fig2));
Gl=abs(Ffigl).*exp(li*angle(Ffig2));
G2=abs(Ffig2).*exp(li*angle(Ffigl));

%% invert new Fourier Transforms
gl=ifft2(G1);

g2=ifft2(G2);

subplot(1,2,1); imshow(uint8(real(gl)))
subplot(1,2,2); imshow(uint8(real(g2)))

2D DFT and 2D Fourier Transform

The ) phase’. angle of 'a FT is
predominant w.r.t. the modulus
in reconstructing an image.
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Example: let us introduce a periodic pertur-
bation on the red component of an RGB image

SCp2_14b.14

f=imread('McCartney.jpg');

[m,n,q]=size(f); [X,Y]=meshgrid(1l:n,1:m);
p=60*cos(.2*X+.1*Y); imagesc(p); axis tight; axis equal
pf=Ff; pf(:,:,1)=pf(:,:,1)+uint8(p); imagesc(pf); axis
equal

fred=uint8(zeros(size(f))); fred(:,:,1)=Ff(:,:,1); |
imagesc(fred); axis equal; axis tight E

A

perturbation red component

Periodic perturbation 60 x cos(0.2z + 0.1y)

2D DFT and 2D Fourier Transform
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PeI‘IOdlC perturbatlon 60 X cos(0.2z + 0.1y) Fourier Spectrum of perturbation
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Z00Mm

rier Spectrum of perturbati

Fourier Spectrum of perturbation F

2D DFT and 2D Fourier Transform
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Spectrum of perturbation Spectrum of the red component
Fourier Spectrum of the red component ( ZO 0 ml

Fourier Spectrum of perturbation
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Fourier Spectrum of the noisy red component
Fourier Spectrum of the noisy re componént
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To remove perturbations we can filter the FT in frequencies .
mantain only the central part of the FT: low-pass filter

Fourier Spectrum of the noisy red component Fourier Spectrum of the noisy red component

SCp2_14b.17
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