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Lecture goal and content 

Goal 

• Be able to find spectral representation of arbitrary periodical signal and 

reconstruct the signal back from the spectrum. 

 

Content 

• Multiplication of sinusoids – beat note 

• Amplitude modulation (AM) principle 

• Periodic and nonperiodic signals 

• Fourier series 

• Fourier analysis 

• Fourier synthesis 

• From Fourier series to Fourier transform 

• From Fourier transform to Short time Fourier transform 
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Resolution issues - STFT in Matlab – chord A Major 
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% spectrograms with different Windows 

  

%% initialize 

  

clear; 

close all; 

  

%% defining parameters 

  

fs=6000; % sample frequency 

tdur=0.5; %time duration of one tone in seconds 

L=1000; %windows length 

noverlap=0.9*L; %overlap samples 

  

%% computation 

Ts=1/fs; 

t_tone=Ts:Ts:tdur; 

  

x1=sin(2*pi*440*t_tone); %tone A, f0=440 Hz, with fs=6000 ... 6000/440=13.6 

samples/period 

x2=sin(2*pi*440*2^(4/12)*t_tone); %tone C# (Cis), f0=554 Hz, with fs=6000 ... 10.8 

samples/period 

x3=sin(2*pi*440*2^(7/12)*t_tone); %tone E, f0=659 Hz, with fs=6000 ... 9.1 

samples/period 

x4=x1+x2+x3; %chord A Major (composed of tones A, C# and E), CZ: akord A Dur 

x=[x1 x2 x3 x4]; 

sound(x,fs); 

FigHandle = figure('Position', [100, 100, 1500, 500]); %defining position of corners 

of the figure 

  

subplot(1,3,1) 

spectrogram(x,rectwin(L),noverlap,1:1000,fs,'yaxis'); 

title(sprintf('Rectangular window, L = %d samples, overlap = %d samples',L,noverlap)) 

subplot(1,3,2) 

spectrogram(x,triang(L),noverlap,1:1000,fs,'yaxis') 

title(sprintf('Triangular window, L = %d samples, overlap = %d samples',L,noverlap)) 

subplot(1,3,3) 

spectrogram(x,hann(L),noverlap,1:1000,fs,'yaxis') 

title(sprintf('Hann(ing) window, L = %d samples, overlap = %d samples',L,noverlap)) 
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Good resolution of time, bad resolution of frequency, different windows. 
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Good resolution of frequency, bad resolution of time, different windows. 
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Sufficient resolution of both frequency and time, different windows. 
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Vocabulary EN/CZ 
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Beat note Zázněj 

Carrier frequency Nosná frekvence 

Greatest common divisor (g.c.d.) Největší společný dělitel 

Center frequency Střední frekvence 

Frequency deviation Odchylka frekvence 

Integer Celé číslo 

Base band Základní pásmo 

Broad band Přeložené pásmo 

Channel spacing Odstup kanálů 

Even Sudý 

Odd Lichý 

Fourier series Fourierova řada 

Window function Jádro(vá funkce), okno 
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