










ΑΣΚΗΣΗ 1.3

The realisations

The autocorrelations



The PSD



The Matlab code for the generation of the signals
% Sinusoidal signal as the sum of a 50Hz and a 75Hz with a duration of 0.5 
second and a sampling rate of 1 kHz
% Parameters
frequency1 = 50; % Frequency in Hz
frequency2 = 55; % Frequency in Hz
duration = 0.5;  % Duration in seconds
sampling_rate = 1000; % Sampling rate in Hz

% Time vector
t = 1/sampling_rate:1/sampling_rate:duration;

% Generate the sinusoidal signals
sinusoidal_signal1 = sin(2*pi*frequency1*t);
sinusoidal_signal2 = 0.5 * sin(2*pi*frequency2*t);

x = sinusoidal_signal1 + sinusoidal_signal2;

% Stationary Gaussian white noise with zero mean and a variance of 1

% Parameters
variance = 1;

% Generate the Gaussian white noise
white_noise = sqrt(variance) * randn(1, duration * sampling_rate);
w = white_noise;

% Generate a signal as the sum of x plus noise
y1 = x + w;

% Generate a signal as the sum of an amplified x plus noise
y5 = 5 * x + w;

% Plot the signals (one realisation of each process)

figure;
subplot(4,1,1); plot(t, x); grid on; 
subplot(4,1,2); plot(t, w); grid on; 
subplot(4,1,3); plot(t, y1); grid on;
subplot(4,1,4); plot(t, y5); grid on; 

% Calculate and display the mean value of each signal
mx = mean(x)
mw = mean(w)
my1 = mean(y1)
my5 = mean(y5)

% Calculate the autocorrelation functions of each signal (process)
rx = xcorr(x);
rw = xcorr(w);
ry1 = xcorr(y1);
ry5 = xcorr(y5);

% Time is doubled due to autocorrelation
tt = 1/sampling_rate:1/sampling_rate:2*duration - 1/sampling_rate;



% Plot the autocorrelation functions of each signal (process)
figure;
subplot(4,1,1); plot(tt, rx); grid on; 
subplot(4,1,2); plot(tt, rw); grid on; 
subplot(4,1,3); plot(tt, ry1); grid on; 
subplot(4,1,4); plot(tt, ry5); grid on;

%%% Export each signal to a csv file

% Specify file name
filename = 'realisation1.csv';

% Export the data to a CSV file
csvwrite( filename , x' )

% Specify file name
filename = 'realisation2.csv';

% Export the data to a CSV file
csvwrite( filename , w' )

% Specify file name
filename = 'realisation3.csv';

% Export the data to a CSV file
csvwrite( filename , y1' )

% Specify file name
filename = 'realisation4.csv';

% Export the data to a CSV file
csvwrite( filename , y5' )



The Matlab code for the calculation of the autocorrelation and PSD
% Read data (realisations) from the csv files

x  = csvread( 'realisation1.csv' );
w  = csvread( 'realisation2.csv' );
y1 = csvread( 'realisation3.csv' );
y5 = csvread( 'realisation4.csv' );

t=1:1:length(x);

% Plot the signals (realisations)
figure;
subplot(4,1,1); plot(t, x); grid on; 
subplot(4,1,2); plot(t, w); grid on; 
subplot(4,1,3); plot(t, y1); grid on;
subplot(4,1,4); plot(t, y5); grid on; 

% Calculate and display the mean value of each signal
mx = mean(x)
mw = mean(w)
my1 = mean(y1)
my5 = mean(y5)

% Calculate the autocorrelation functions of each signal (process)
rx = xcorr(x);
rw = xcorr(w);
ry1 = xcorr(y1);
ry5 = xcorr(y5);

% Time is doubled due to autocorrelation
tt=1:1:2*length(x)-1;;

% Plot the autocorrelation functions of each signal (realisation)
figure;
subplot(4,1,1); plot(tt, rx); grid on; 
subplot(4,1,2); plot(tt, rw); grid on; 
subplot(4,1,3); plot(tt, ry1); grid on; 
subplot(4,1,4); plot(tt, ry5); grid on;

%%% Calculation of the PSD of each signal by computing the FFT of the 
corresponding autocorrelations

Sx = fft(rx);
Sw = fft(rw);
Sy1 = fft(ry1);
Sy5 = fft(ry5);

% Plot the PSD
figure;
subplot(4,1,1); plot(tt, abs(Sx)); grid on; 
subplot(4,1,2); plot(tt, abs(Sw)); grid on; 
subplot(4,1,3); plot(tt, abs(Sy1)); grid on; 
subplot(4,1,4); plot(tt, abs(Sy5)); grid on;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Results
% mx  = 0.0057
% mw  = 0.0284
% my1 = 0.0342
% my5 = 0.0571


