Cviceni 8
Soucet funkci

n = 300; % pocet bodu
vytvoreni vektoru o n hodnotach pravidelné rozmisténé mezi -2pi a 2pi
= linspace(-2*pi,2*pi,n)’;

X R

% jednotlive funkce
yls = 2*sin(x);

y2s = sin(x-pi/3)/2;
y3s = sin(3*x+pi/5)/3;
yds = sin(10*x)/5;

subplot(5,1,1), plot(x,yls);
ylim(['3:3])3

subplot(5,1,2), plot(x,y2s);
ylim([-3,3]);

subplot(5,1,3), plot(x,y3s);
ylim([-3,3]);

subplot(5,1,4), plot(x,y4s);
ylim(['3:3])3

subplot(5,1,5), plot(x,yls+y2s+y3s+y4ds);
ylim([-3,3]);
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ylc = 2*cos(x);

y2c = cos(x-pi/3)/2;
y3c = cos(3*x+pi/5)/3;
y4c = cos(10*x)/5;

subplot(5,1,1),
ylim([-3,3]);
subplot(5,1,2),
ylim([-3,3]);
subplot(5,1,3),
ylim([-3,3]);
subplot(5,1,4),
ylim([-3,3]);
subplot(5,1,5),
ylim([-3,3]);

plot(x,ylc);
plot(x,y2c);
plot(x,y3c);
plot(x,y4c);

plot(x,ylc+y2c+y3c+ydc);
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Animace

nt = 50; %pocet bodu na kruznici
theta

=linspace(-pi,pi,nt)’;

% Kruznice

kx1
kyl

kx2
ky2

kx3
ky3

kx4

2*cos(theta);
2*sin(theta);

cos(theta-pi/3)/2;
sin(theta-pi/3)/2;

cos(3*theta+pi/5)/3;
sin(3*theta+pi/5)/3;

cos(10*theta)/5;

% diskretni body na kruznici




ky4d = sin(1@*theta)/5;
Lx=length(x);
Lw=1; %sirka cary
Fs=12;
for i=1:Lx
fl=figure (2); clf;
spl=subplot(1,2,1);
% Funkce 1
plot(kx1,kyl, 'LineWidth',Lw, 'Color','b"'); hold on; grid on;
line([@ ylc(i)],[@ y1s(i)], 'Color','b', 'LineWidth',Lw, 'LineSmoothing', 'on");

set(spl, 'Position',[0.0400 0.1800 0.4 0.677]);
xlim([-2.5 2.5]); ylim([-2.5 2.5])

line(ylc(i),yls(i),10, 'LineStyle',"'-", '"MarkerSize',8, '"MarkerFaceColor','b", 'color',"
b')
[xfl, yfl] = ds2nfu(spl,ylc(i),yls(i));
% Funkce 2
plot(kx2,ky2, 'LineWidth',Lw, 'Color',"'r"'); hold on;

line([©@ y2c(i)],[@ y2s(i)], 'Color','r',  'LineWidth',Lw, 'LineSmoothing','on");

line(y2c(i),y2s(i),10, 'LineStyle',"'-", '"MarkerSize',8, '"MarkerFaceColor','r"', 'color',"
r')

[xf2, yf2] = ds2nfu(spl,y2c(i),y2s(i));

% Funkce 3

plot(kx3,ky3, 'LineWidth',Lw, 'Color',"'g"'); hold on;

line([© y3c(i)],[@ y3s(i)], 'Color','g', 'LineWidth',Lw, 'LineSmoothing','on");

line(y3c(i),y3s(i),10, 'LineStyle',"'-", '"MarkerSize',8, 'MarkerFaceColor','g", 'color',"
g")

[xf3, yf3] = ds2nfu(spl,y3c(i),y3s(i));

% Funkce 4

plot(kx4,ky4, 'LineWidth',Lw, '"Color','m"'); hold on;

line([© y4c(i)], [0 y4s(i)], 'Color', 'm',  'LineWidth',Lw, 'LineSmoothing','on");

line(y4c(i),y4s(i),10, 'LineStyle',"'-", '"MarkerSize',8, '"MarkerFaceColor', 'm', 'color',"

m*)

[xf4, yf4] = ds2nfu(spl,ydc(i),yds(i));



sp2=subplot(1,2,2);
% Funkce 1

plot(x(1:i),yls(1:i), 'LineWidth',Lw, 'Color','b'); hold on; grid on;
ylim([-2.5 2.5]); x1lim([-10 10])
set(sp2, 'Position',[0.48 0.178200 0.49 0.680]);

[xgl, ygl] = ds2nfu(x(i),yls(i));
annotation('line',[xf1 xgl],[yfl
ygl], 'color','b', 'LineStyle', " '--"', 'LineWidth',Lw);

% Funkce 2
plot(sp2,x(1:1),y2s(1:i),'g", 'LineWidth',Lw, 'Color','r"); hold on; grid on;

[xg2, yg2] = ds2nfu(x(i),y2s(i));
annotation('line', [xf2 xg2],[yf2
yg2], 'color','r','LineStyle', '--", "LineWidth', Lw);

% Funkce 3
plot(sp2,x(1:i),y3s(1:1),'g", 'LineWidth"',Lw, 'Color',"'g"'); hold on; grid on;

[xg3, yg3] = ds2nfu(x(i),y3s(i));
annotation('line', [xf3 xg3],[yf3
yg3], 'color','g"', 'LineStyle',"'--", "LineWidth',Lw);

% Funkce 4
plot(sp2,x(1:i),y4s(1:i),"'g", 'LineWidth',Lw, 'Color','m"); hold on; grid on;

[xg4, yga] = ds2nfu(x(i),y4s(i));
annotation('line', [xf4 xg4],[yf4
yga], 'color','m', 'LineStyle','--"', 'LineWidth',Lw);

pause(0.01);
end



Animace dohromady

for i=1:length(x)
fl=figure (2); clf;

spl=subplot(1,2,1);

% Funkce 1

plot(kx1,kyl, 'LineWidth',Lw, 'Color','b"'); hold on; grid on;

line([@ ylc(i)],[@ y1s(i)], 'Color','b", 'LineWidth',Lw, 'LineSmoothing', 'on");

set(spl, 'Position',[0.0400 0.1800 0.4 0.677]1);
x1lim([-4 4]); ylim([-4 4])
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line(ylc(i),yls(i),10, 'LineStyle"',"'-", '"MarkerSize',8, '"MarkerFaceColor','b", 'color',"
b')

% Funkce 2
plot(kx2+ylc(i),ky2+yls(i), 'LineWidth',Lw, 'Color','r"'); hold on;
line(ylc(i) + [@ y2c(i)],yls(i) + [@

y2s(i)], 'Color','r', 'LineWidth',Lw, 'LineSmoothing', 'on');

% Funkce 3
plot(kx3+ylc(i)+y2c(i),ky3+yls(i)+y2s(i), 'LineWidth',Lw, ‘'Color',"'g"); hold on;
line(ylc(i) + y2c(i) + [0 y3c(i)],yls(i) + y2s(i) + [o

y3s(i)], 'Color','g", 'LineWidth',Lw, 'LineSmoothing', 'on');

% Funkce 4

plot(kx4+ylc(i)+y2c(i)+y3c(i),kyd+yls(i)+y2s(i)
+y3s(i), 'LineWidth',Lw, 'Color', 'm'); hold on;

line(ylc(i) + y2c(i) + y3c(i) + [0 yd4c(i)],yls(i) + y2s(i) + y3s(i) + [o
y4s(i)], 'Color','m', 'LineWidth',Lw, 'LineSmoothing', 'on');

[xf4, yf4] = ds2nfu(ylc(i)+y2c(i)+y3c(i)+ydc(i),yls(i)+y2s(i)+y3s(i)+yds(i));

sp2=subplot(1,2,2);
% dohromady

plot(x(1:1),yls(1:i)+y2s(1:1i)+y3s(1:i)+y4s(1:1i), 'LineWidth',Lw, 'Color', 'm");
hold on; grid on;

ylim([-4 4]); x1lim([-10 10])
set(sp2, 'Position’',[0.48 0.178200 0.49 0.680]);

[xgt, ygt] = ds2nfu(x(i),yls(i)+y2s(i)+y3s(i)+y4s(i));
annotation('line', [xf4 xgt],[yf4
ygt], 'color', 'm', 'LineStyle', " '--", "LineWidth',Lw);

pause(0.01);
end
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Fourierova rada
Funkce: Fseries.m and Fseriesval.m

[a,b] = Fseries(X,Y,n)

fits an nth-order Fourier expansion of the form

y = a_0/2 + Sum_k[ a_k cos(kx) + b_k sin(kx) ]

to the data in the vectors X a Y, using a least-squares fit.

Y = Fseriesval(a,b,X)

10

evaluates the Fourier series defined by the coefficients a and b at the values in the vector X.



Priklad 1:

% Generovani dat

x = linspace(-2*pi,2*pi,,200)'; % vytvoreni vektoru o 50 hodnotdch pravidelné
rozmisténé mezi -2pi a 2pi

y = sawtooth(x + pi); % vypocet funkénich hodnot pomci funkce sawtooth

% alternativni vypocet bez pouziti funkce sawtooth

%y = mod(x + pi,2*pi) - pi;

figure, plot(x,y);
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= [2) 4, 6, 8, 190];

=]

% pro vSechny rady spocitame rozvoj pomoci Fseries
for i =1 : size(n,2)
[a,b,yfit] = Fseries(x,y,n(i));
subplot(size(n,2),1,1i)
plot(x,y,x,yfit);
end

Warning: Rank deficient, rank = 199, tol = 4.474240e-13.



Priklad 1 animace

% pro vsechny rady spocitame rozvoj pomoci Fseries
figure,
for i =2 : 2 : 40
[a,b,yfit] = Fseries(x,y,i);
pause(0.3);
plot(x,y,x,yfit);
title(num2str(i));
ylim([-2,2]);
end
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Priklad 2:

% Generovani dat

x = linspace(-1,3,200)";

y = double(or(and(x < 2.5, x >= 1.5),and(x< 0.5, x >= -0.5)));% vypocet funkcnich
hodnot

figure, plot(x,y);

11
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figure,
% pro vSechny rady spocitame rozvoj pomoci Fseries
for i =1 : size(n,2)
[a,b,yfit] = Fseries(x,y,n(i));
subplot(size(n,2),1,i)
plot(x,y,x,yfit);
end

Warning: Rank deficient, rank = 199, tol = 4.474240e-13.
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Priklad 2 animace

% pro vsechny rady spocitame rozvoj pomoci Fseries
figure,
for i =2 : 2 : 40
[a,b,yfit] = Fseries(x,y,i);
pause(0.3);
plot(x,y,x,yfit);
title(num2str(i));
ylim([-1,2]);
end

13
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FREKVENCNi DOMENA

% Vytvoreni jednoduchého obrazku
M = 500;

N = 500;

f = zeros([M,N]);
1(200:300,230:270)=1;

figure, imshow(f);
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Fourierovo spektrum
Pfevod do frekvenéni domény - funkce fft2()

F = £ft2(f);

dc koeficient
display(F(1,1));

4141

display(M*N*mean(f(:)));

4141
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Spektrum

Pro vypoCet budeme potfebovat obrazek rozdeélit na 2 ¢4sti- realnou a imaginarni. K tomu slouzi funkce real a
imag.

R = real(F);
I = imag(F);
S = sqrt(R."2+I1.72);

figure, imshow(S, [1);

Spektrum

v matlabu je mozné k vypoctu pouzit funkci abs ()

S2 = abs(F);
figure, imshow(S-S2,[]);

16



display(max(max(abs(S-S2))));

4.5475e-13

Faze
Z realné a imaginarni slozky spocitame arcustanges pomoci atan2() (phi je pole velikosti obrazku obsahujici
uhly v radianech v intervalu -pi pi)

phi = atan2(I,R);

zobrazeni, jak vypada faze pro dany obrazek

figure, imshow(phi,[]);
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Faze
Pfipadné mizZeme Uhly pocitat pfimo bez nutnosti pfevodu obrazku na imaginarni a realnou ¢ast pomoci funkce
angle()

phil = angle(F);
% vysledek je stejny.

ze spektra a faze umime spodcitat fourierdv obraz nasledujicim zplsobem (polarni soufadnice)

F2 = S.*exp(i*phi);

UKOL 1

Porovnejte fazi a spektrum dvou obrazku, které obsahuji stejny bily obdélnik, jen posunuty.
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fftshift

Jak vite, vysledek je periodicky s periodou velikosti obrazku. Nejvétsi hodnoty jsou v rozich. Pro posun
nejvy$Sich frekvenci doprostfed se pouziva funkce fftshift. Zde je ukazka, jak tato funce pracuje. Provede se
posun o pUl periody doprava a doll (tedy jako by se pfehodil 1. a 4. kvadrant a 2. a 3.

a = [12;

3 4];
fftshift(a)
ans =

4 3
2 1

toto dostaneme, pokud aplikujeme fftshift() na nas obrazek
Fc = fftshift(F);

Sc = abs(Fc);
imshow(Sc, [ 1);

19



UKOL 2
vynasobte plvodni obrazek (-1)~(x+y) a aplikujte fft2() a porovnejte s fftshift(fft2(f)).

Rozsah spektra
display(min(min(Sc)));
1.8117e-04
display(max(max(Sc)));

4141

Logaritmicka transformace

20



vidime, ze rozsah hodnot v obrazku se frekvenéni doméné je hodné velky. Navic jak vite z toho, jak frekvence
vypadaji, tak nizkych hodnot je velka vétSina a objevuje se jen malo vysokych frekvenci. Proto se mnohdy pro
zobrazeni pouziva logaritmicka transformace. Diky ni vyniknou i detaily v nizkych frekvencich.

S2 = log(1l + Sc);
figure, imshow(S2, [ 1);
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ifftshift

pro pfevedeni obrazku zpét do podoby, kdy jsou nejvyssi hodnoty v rozich se pouziva funkce ifftshift().
Nelze pouzit fftshift(), protoZe nepracuji Uplné stejné pro matice s lichou velikosti. Viz nasledujici pfiklad
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Fftshift(M2)

ans =
5 6 4
8 9 7
2 3 1
ifftshift(M2)
ans =
1 2 3
4 5 6
7 8 9

F1 = ifftshift(Fc);

Pro pfevod obrazku zpét do prostorové domény se pouziva funkce ifft2()
f1 = ifft2(F);
% Diky zaokrouhlovani se ve vysledku objevuje i komplexni slozka
% (hooooooodné mald), tak ji mlzeme zanedbat a vzit jen redlnou cast.

f2 = real(f1);
imshow(f2);
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