
w0 = 0.1*pi;
A = 1.5;
theta = -pi/4;
L = 100;
n = (0:L-1)';
sigma = 1;

y_theory = A*cos(w0*n+theta);
y = y_theory + sigma*randn(L,1);

N = L+50;  % number of frequencies 
%% LS
X = zeros(L,2*N-1);
X(:,1) = ones(L,1);
X(:,2:2:end) = cos(2*pi/N*n*(1:N-1));
X(:,3:2:end) = sin(2*pi/N*n*(1:N-1));
w_ls = lsqminnorm(X,y); %w_ls = pinv(X)*y;
y_hat = X*w_ls;

%% Amplitude and phase
A_hat(1) = w_ls(1);
A_hat(2:N) = sqrt(w_ls(2:2:end).^2 + w_ls(3:2:end).
^2);
theta_hat(1) = 0;
theta_hat(2:N) = -
atan2(w_ls(3:2:end),w_ls(2:2:end));
Y = fft(y,N);

abs(Y)/N

angle(Y)
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%% dataset
w0 = 0.1*pi;
A = 1.5;
theta = -pi/4;
L = 100;
n = (0:L-1)';
sigma = 1;
y_theory = A*cos(w0*n+theta);
noise = sigma*randn(L,1);
y = y_theory + noise;
snr_theory = y_theory'*y_theory/(noise'*noise);

%% LS
function P = per(y,w0)
    L = length(y);
    n = (0:L-1)';
    X = [cos(w0*n) sin(w0*n)];
    w_ls = lsqminnorm(X,y);
    y_hat = X*w_ls;
    P = y_hat'*y_hat;
end
fun = @(w) -per(y,w);
w_max = fminsearch(fun,0.1*pi);

%% SNR 
P_signal_hat = per(y,w_max);
P_noise_hat = y'*y-per(y,w_max);
snr_hat = P_signal_hat/P_noise_hat;
sigma_hat = sqrt(P_noise_hat/L);
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