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Sadržaj predmeta, Teorijska nastava 
1. Uvodno predavanje. Upoznavanje sa planom i 

programom, ciljevima, ishodom i metodama.
2. Šta je procesiranje signala, istorijski pregled obrade 

signala, primeri primene.
3. Vizuelizacija signala (Python, Excel).
4. Kompleksni ekponencijalni diskretni signali. Primer 

sinteze muzičkog signala.
5. Furijeova analiza: Diskretna Furijeova transformacija 

(DFT) i serija (DFS). Brza Furijeova transformacija (Fast 
Fourier transform, FFT) i primena za spektralne 
analizatore i osciloskope.

6. Linearani filtri: konvolucija, idealni i realni filtri, dizajn filtra. 
Primena konvolucije u GPS sistemima.
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Sinteza muzičkog signala
• SoundNote[0] represents a music-like sound note with 

the specified pitch.
• 0, middle C
• SoundNote[n] , n semitones from middle C
• "C", "C#", "D", ... notes in the middle C octave
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Sinteza muzičkog signala
• SoundNote[0,t] takes the note to have duration t
• SoundNote[0,t,"Violin"] takes the note to be in the 

specified style
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Sinteza muzičkog signala
• SoundNote[0] represents a music-like sound note with 

the specified pitch.
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Sinteza muzičkog signala
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Sinteza muzičkog signala
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Sinteza muzičkog signala
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Styles 
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clear all, close all, clc
[y,fs]=audioread ("wav/sound05.wav");
y1=y(:,1);y2=y(:,2);
sound(y1,fs); pause(.2);sound(y2,fs)
t=1:length(y1);
t=t/fs;
stem(t,y1,'.')
xlabel('vreme (s)');
ylabel('normalizovan signal');
title(['sound05, Fs = ' num2str(fs)]);figure
stem(t,y2,'.')
xlabel('vreme (s)');
ylabel('normalizovan signal');
title(['sound05, Fs = ' num2str(fs)]);

sound0x
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t=1:length(y1);
t=t/fs;
x1=fft(y1);
N1= length(y1)-1;
n= 0:N1;
a1 = 20*log10(abs(x1));
stem(fs*n/N1,a1,'.')
xlabel('ucestanost (Hz)');
ylabel('snaga signala 1');
title(['sound01, Fs = ' num2str(fs)]);
ax = axis; ax(2)=16000; ax(3)=ax(4)-90; axis(ax)
figure
x2=fft(y2);
N2= length(y2)-1;
n= 0:N2;
a2 = 20*log10(abs(x2));
stem(fs*n/N1,a2,'.')
xlabel('ucestanost (Hz)');
ylabel('snaga signala 2');
title(['sound01, Fs = ' num2str(fs)]);
ax = axis; ax(2)=16000; ax(3)=ax(4)-90; axis(ax)
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fft
20*log10(abs(x1));
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pkg load signal
clear all, close all, clc
[y,fs]=audioread ("wav/sound01.wav");
y1=y(:,1);
y2=y(:,2);
nfft = 256;
ovlap = 32;
specgram(y1,nfft,fs,hamming(nfft),ovlap)
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ovlap = 0;

ovlap = 128;
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Diskretna Furijeova transformacija
Sekvenca u vremenskom domenu 
x[n] dužine N preslikava se u 
sekvencu X[k], iste dužine 
gde se članovi računaju po formuli
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Matlab fft realizuje DFT
X=fft[x]
• Iz zadate sekvence u vremenskom domenu x[n] dobija se nova sekvenca u X[k]

x = [1 1/2 1/4 1/8 1/16 1/32 1/64 1/128]
X = fft(x)

x =
1.0000 0.5000 0.2500 0.1250 0.0625 0.0313 0.0156 0.0078

X =
Columns 1 through 4 
1.9922  1.1861-0.6487i 0.7969-0.3984i 0.6889-0.1799i
Columns 5 through 8 
0.6641  0.6889+0.1799i 0.7969+0.3984i 1.1861+0.6487i

Kompleksni 
brojevi
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FFT

N = 10;
n = 0:N-1;
k = 3;
f = k/N;
fi = -pi/6;
x = 2*cos(2*pi*f*n+fi);
stem(n,x)
X = fft(x)
stem(n,abs(X))

stem(n,angle(X)*180/pi)

Procesiranje signala



34

FFT - promena faze

N = 10;
n = 0:N-1;
k = 3;
f = k/N;
fi = pi/6;
x = 2*cos(2*pi*f*n+fi);
stem(n,x)
X = fft(x)
stem(n,abs(X)) Procesiranje signala
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FFT – promena k

N = 10;
n = 0:N-1;
k = 2;
f = k/N;
fi = -pi/6;
x = 2*cos(2*pi*f*n+fi);
stem(n,x)
X = fft(x)
stem(n,abs(X)) Procesiranje signala
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FFT – promena N

N = 20;
n = 0:N-1;
k = 3;
f = k/N;
fi = -pi/6;
x = 2*cos(2*pi*f*n+fi);
stem(n,x)
X = fft(x)
stem(n,abs(X)) Procesiranje signala
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FFT – dve sinusoide

N=20;
n=0:N-1;
k1=2;    k2=5;
f1=k1/N; f2=k2/N;
fi2=-pi/6;
x = 2*cos(2*pi*f1*n+0)+...

3*cos(2*pi*f2*n+fi2);
X = fft(x)
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FFT - aliasing
k=3; 
f=k/N;

k=N+3; 
f=k/N;

x = 2*cos(2*pi*f*n); Procesiranje signala
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FFT - folding
k=3; 
f=k/N;

k=N-3; 
f=k/N;

x = 2*cos(2*pi*f*n); Procesiranje signala
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Jednoznačnost FFT
k=3; 
f=k/N;

x = 2*cos(2*pi*f*n);

k < N/2 
f < 1/2 
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Jednoznačnost FFT

x = 2*cos(2*pi*f*n);

f < 1/2 
f = 1-f 
f = 1+f 
f = 2-f 
f = 2+f
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FFT – curenje spektra

N = 20;
M = 21;
n = 0:N-1;
k = 4;
f = k/M;
x = 2*cos(2*pi*f*n);
X = fft(x)

frequency 
leakage

Procesiranje signala



43

FFT – frekvencijska rezolucija

N = 20;
M = 21;
n = 0:N-1;
k1=4; f1=k1/M;
k2=5; f2=k2/M;
x=cos(2*pi*f1*n)+... 

cos(2*pi*f2*n);
X = fft(x)

frequency 
resolution
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FFT – frekvencijska rezolucija

N = 40;
M = 21;
n = 0:N-1;
k1=4; f1=k1/M;
k2=5; f2=k2/M;
x=cos(2*pi*f1*n)+... 

cos(2*pi*f2*n);
X = fft(x)

Nf /1
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FFT – digitalna frekvencija

stem(n/N,abs(y))
xlabel('f')
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FFT – simetrija
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FFT – antisimetrija
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FFT – dopuna nulama

N = 80;
. . .
x = x.*(n<(N/2-1));
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FFT – dopuna nulama (2)

N = 160;
. . .
x = x.*(n<39);

Procesiranje signala



50

FFT – dopuna nulama (2)

plot(n/N,abs(y),'-')
. . .
plot(n/N,angle(y)*180/pi,'-')
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FFT – perfektna dopuna

N = 21;
. . .
k1 = 4;
f1 = k1/M;
k2 = 5;
f2 = k2/M;
x = cos(2*pi*f1*n)+cos(2*pi*f2*n);
x = x.*(n<21); Procesiranje signala
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Parseval-ova teorema   
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Ova prezentacija je nekomercijalna. 
Slajdovi mogu da sadrže materijale preuzete sa Interneta, 
stručne i naučne građe, koji su zaštićeni Zakonom o 
autorskim i srodnim pravima. 
Ova prezentacija se može koristiti samo privremeno 
tokom usmenog izlaganja nastavnika u cilju informisanja i 
upućivanja studenata na dalji stručni, istraživački i naučni 
rad i u druge svrhe se ne sme koristiti –
Član 44 - Dozvoljeno je bez dozvole autora i bez plaćanja 
autorske naknade za nekomercijalne svrhe nastave: 
(1) javno izvođenje ili predstavljanje objavljenih dela 
u obliku neposrednog poučavanja na nastavi; 
- ZAKON O AUTORSKOM I SRODNIM PRAVIMA 
("Sl. glasnik RS", br. 104/2009 i 99/2011)

Profesor dr Miroslav Lutovac
mlutovac@viser.edu.rs
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