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Verifying the results match with the original multiplexed signal

x_mux = xmux;
% Obtaining the length of the signal
N = length(x_mux);
% Computing the number of points required for the FFT (2^k) > N
N_spect = pow2(ceil(log2(N)));
% Number of points to show the plot
N_plot = 256;

del_mu = 1 / N_spect;
mu = - 0.5:del_mu:(0.5 - del_mu);
% input('Multiplexed Signal');
soundsc(x_mux);
X_mux = fft(x_mux, N_spect);
X_mux = fftshift(X_mux);
X_mux_mag = abs(X_mux);
x_mux_clip = x_mux(round(N ./ 2):round(N ./ 2 + N_plot - 1));
% Plotting the Result
figure(2);
subplot(2 , 1 , 1);
plot(x_mux_clip);
title('MultiplexedSignal');
subplot(2 , 1 , 2);
plot(mu , X_mux_mag);
title('Spectrum of Multiplexed Signal');

% Bandlimiting the input to have the Nyquist Rate
x1 = conv(x_mux , h);
% input('xl+xr signal');
soundsc(x1);
X1 = fft(x1 , N_spect);
X1 = fftshift(X1);
X1_mag = abs(X1);
x1_clip= x1(round(N ./ 2):round(N ./ 2 + N_plot-1));
% Plotting the Results
figure(3);
subplot(2 , 1 , 1);
plot(x1_clip);
title('xl + xr Signal');
subplot(2 , 1 , 2);
plot(mu, X1_mag);
title('Spectrum of xl + xr Signal');
% Shiftingthe frequency of the multiplexed signal to recover the xl-xr
% channel utiliting the LPF
omega0 = pi;
n = 0:1:(N - 1);
x_mod = x_mux .* cos(omega0 .* n);
x2 = conv(h , x_mod);
% input('xl-xr signal');
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soundsc(x2);
X2 = fft(x2 , N_spect);
X2 = fftshift(X2);
X2_mag = abs(X2);
x2_clip = x2(round(N ./ 2):round(N ./ 2 + N_plot-1));
% Plotting the results
figure(4);
subplot(2 , 1 , 1);
plot(x2_clip);
title('xl-xr Signal');
subplot(2 , 1 , 2);
plot(mu, X2_mag);
title('Spectrum of xl-xr Signal');

%Adding the two signals together to recover xl
xl = (x1 + x2) / 2;
% input('recovered left channel');
soundsc(xl)
XL = fft(xl , N_spect);
XL = fftshift(XL);
XL_mag = abs(XL);
% Plotting the results
figure(5);
subplot(2 , 1 , 1);
plot(xl);
title('Recovered Left Channel');
subplot(2 , 1 , 2);
plot(mu, XL_mag);
title('Spectrum of Recovered Left Channel');

% Subtracting the two signals together to recover xr
xr = (x1-x2) / 2;
% input('recovered right channel');
soundsc(xr)
XR = fft(xr , N_spect);
XR = fftshift(XR);
XR_mag = abs(XR);
% Plotting the results
figure(6);
subplot(2 , 1 , 1);
plot(xr);
title('Recovered Right Channel');
subplot(2 , 1 , 2);
plot(mu, XR_mag);
title('Spectrum of Recovered Right Channel');
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Comparison of theOriginal and Recovered Signals

% Right Channel Comparison
xr_Orig = load('ysf1s1t0.txt')';
figure(7)
subplot(2 , 2 , 1)
plot(xr_Orig);
title('Original Right Channel');
XR_Orig = fft(xr_Orig , N_spect);
XR_Orig = fftshift(XR_Orig);
XR_Orig_mag = abs(XR_Orig);
subplot(2 , 2 , 3)
plot(mu , XR_Orig_mag);
title('Spectrum of Original Right Channel');
subplot(2 , 2 , 2)
plot(xr);
title('Recovered Right Channel');
subplot(2 , 2 , 4)
plot(mu , XR_mag) ;
title('Spectrum of Recovered Right Channel');
% Left Channel Comparison
xl_Orig = load('erf1s1t0.txt')';
figure(8)
subplot(2 , 2 , 1)
plot(xl_Orig);
title('Original Left Channel');
XL_Orig = fft(xl_Orig , N_spect);
XL_Orig = fftshift(XL_Orig);
XL_Orig_mag = abs(XL_Orig);
subplot(2 , 2 , 3)
plot(mu ,XL_Orig_mag);
title('Spectrum of Original Let Channel');
subplot(2 , 2 , 2)
plot(xl);
title('Recovered Left Channel');
subplot(2 , 2 , 4)
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plot(mu , XL_mag) ;
title('Spectrum of Recovered Left Channel');

Comparison of Original Bandlimited and Recovered Signals

Right Channel Comparison

xr_Orig = conv(h , xr_Orig);
figure(9);
subplot(2 , 2 , 1);
plot(xr_Orig);
title('Original Bandlimited Right Channel');
XR_Orig = fft(xr_Orig , N_spect);
XR_Orig = fftshift(XR_Orig);
XR_Orig_mag = abs(XR_Orig);
subplot(2 , 2, 3);
plot(mu , XR_Orig_mag);
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title('Spectrum of Original Bandlimited Right Channel');
subplot(2 , 2 , 2);
plot(xr);
title('Recovered Right Channel');
subplot(2 , 2 , 4);
plot(mu , XR_mag);
title('Spectrum of Recovered Right Channel');
% LeftChannel Comparison
xl_Orig = conv(h , xl_Orig);
figure(10);
subplot(2 , 2 , 1);
plot(xl_Orig);
title('Original Bandlimited Left Channel');
XL_Orig = fft(xl_Orig , N_spect);
XL_Orig = fftshift(XL_Orig);
XL_Orig_mag = abs(XL_Orig);
subplot(2 , 2, 3);
plot(mu, XL_Orig_mag);
title('Spectrum of Original Bandlimited Left Channel');
subplot(2 , 2 , 2);
plot(xl);
title('Recovered Left Channel');
subplot(2 , 2 , 4);
plot(mu , XL_mag);
title('Spectrum of Recovered Left Channel');
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