% generate and analyze Rayleigh and Rician data
% generate Rayleigh data
N = 10000;
sig = 1.5;
rayls = raylrnd( sig, N, 1 );
% find pdf
[ pdf_unscaled, r_rayl ] = hist ( rayls, 50 );
pdf_rayl = pdf_unscaled / N / (r_rayl(2)-r_rayl(1));
figure(1); plot( r_rayl, pdf_rayl );
rayl_mean = mean( rayls );
sig_est = rayl_mean / 1.2533;
curve_est = r_rayl/sig_est^2 .* exp( - r_rayl.^2 / (2*sig_est^2) );
figure(2); plot( r_rayl, pdf_rayl, 'b-x', r_rayl, curve_est, 'r-' );
title( 'Rayleigh fit to data' );
legend( 'measured', 'curve fit' );
xlabel( 'r' );
ylabel( 'pdf( r )' );
% however things scale differently if there's a power offset:
data = 20*log10( rayls ) - 20;
figure(3); plot( data )
vs = 10 .^ ( data/20 );
vs_norm = vs / mean( vs );
[ pdf_unscaled_data, r_data ] = hist ( vs_norm, 50 );
pdf_data = pdf_unscaled_data / N / (r_data(2)-r_data(1));
figure(4); plot( r_data, pdf_data );
rayl_mean = mean( vs_norm );
sig_est = rayl_mean / 1.2533;
curve_est = r_data/sig_est^2 .* exp( - r_data.^2 / (2*sig_est^2) );
figure(5); plot( r_data, pdf_data, 'b-x', r_data, curve_est, 'r-' );
title( 'Rayleigh fit to data' );
legend( 'measured', 'curve fit' );
xlabel( 'r' );
ylabel( 'pdf( r )' );
% suppose the values aren't Rayleigh...

ricis = simout.signals.values(1:end-1);
[ pdf_unscaled_ricis, r_ricis ] = hist ( ricis, 50 );
pdf_ricis = pdf_unscaled_ricis / N / (r_ricis(2)-r_ricis(1));
figure(6); plot( r_ricis, pdf_ricis );
rayl_mean = mean( ricis );
sig_est = rayl_mean / 1.2533;
curve_est = r_ricis/sig_est^2 .* exp( - r_ricis.^2 / (2*sig_est^2) );
figure(7); plot( r_ricis, pdf_ricis, 'b-x', r_ricis, curve_est, 'r-' );
title( 'Rayleigh fit to data' );
legend( 'measured', 'curve fit' );
xlabel( 'r' );
ylabel( 'pdf( r )' );
ricis2 = simout1.signals.values(1:end-1);
[ pdf_unscaled_ricis2, r_ricis2 ] = hist ( ricis2, 50 );
pdf_ricis2 = pdf_unscaled_ricis2 / N / (r_ricis2(2)-r_ricis2(1));
figure(16); plot( r_ricis2, pdf_ricis2 );
rayl_mean = mean( ricis2 );
sig_est = rayl_mean / 1.2533;
curve_est = r_ricis2/sig_est^2 .* exp( - r_ricis2.^2 / (2*sig_est^2) );
figure(17); plot( r_ricis2, pdf_ricis2, 'b-x', r_ricis2, curve_est, 'r-' );
title( 'Rayleigh fit to data' );
legend( 'measured', 'curve fit' );
xlabel( 'r' );
ylabel( 'pdf( r )' );
ricis3 = simout2.signals.values(1:end-1);
[ pdf_unscaled_ricis3, r_ricis3 ] = hist ( ricis3, 50 );
pdf_ricis3 = pdf_unscaled_ricis3 / N / (r_ricis3(2)-r_ricis3(1));
figure(26); plot( r_ricis3, pdf_ricis3 );
rayl_mean = mean( ricis3 );
sig_est = rayl_mean / 1.2533;
curve_est = r_ricis3/sig_est^2 .* exp( - r_ricis3.^2 / (2*sig_est^2) );
figure(27); plot( r_ricis3, pdf_ricis3, 'b-x', r_ricis3, curve_est, 'r-' );
title( 'Rayleigh fit to data' );
legend( 'measured', 'curve fit' );
xlabel( 'r' );
ylabel( 'pdf( r )' );
ricis4 = simout2.signals.values(1:end-1);
[ pdf_unscaled_ricis4, r_ricis4 ] = hist ( ricis4, 50 );
pdf_ricis4 = pdf_unscaled_ricis4 / N / (r_ricis4(2)-r_ricis4(1));
figure(26); plot( r_ricis4, pdf_ricis4 );
rayl_mean = mean( ricis4 );
sig_est = rayl_mean / 1.2533;
curve_est = r_ricis4/sig_est^2 .* exp( - r_ricis4.^2 / (2*sig_est^2) );
figure(27); plot( r_ricis4, pdf_ricis4, 'b-x', r_ricis4, curve_est, 'r-' );
title( 'Rayleigh fit to data' );
legend( 'measured', 'curve fit' );
xlabel( 'r' );
ylabel( 'pdf( r )' );
% consider using the Rician, Rayleigh cdfs to fit to data cdf
s = sort( rayls );
median_rayl = s(N/2);
cdf_rayl = cumsum( pdf_rayl ) / sum(pdf_rayl);
s = sort( vs_norm );
median_data = s(N/2);
cdf_rayl_data = cumsum( pdf_data ) / sum(pdf_data);
s = sort( ricis );
median_ricis = s(N/2);
cdf_ricis = cumsum( pdf_ricis ) / sum(pdf_ricis);
s = sort( ricis2 );
median_ricis2 = s(N/2);
cdf_ricis2 = cumsum( pdf_ricis2 ) / sum(pdf_ricis2);
median_ricis3 = s(N/2);
cdf_ricis3 = cumsum( pdf_ricis3 ) / sum(pdf_ricis3);
median_ricis4 = s(N/2);
cdf_ricis4 = cumsum( pdf_ricis4 ) / sum(pdf_ricis4);
figure(8); semilogy( 20*log10(r_rayl/median_rayl), cdf_rayl, 'b-', ...
    20*log10(r_data/median_data), cdf_rayl_data, 'rd', ...
    20*log10(r_ricis/median_ricis), cdf_ricis, 'k-x', ...
    20*log10(r_ricis2/median_ricis2), cdf_ricis2, 'k-s', ...
    20*log10(r_ricis3/median_ricis3), cdf_ricis3, 'k--', ...
    20*log10(r_ricis4/median_ricis4), cdf_ricis4, 'ko' );
axis( [ -20 10 1e-3 1 ] );
legend('Rayleigh, \sigma = 1.5', 'Rayleigh, \sigma = 1.5, -20 dB & normed', ...
    'Rician, \sigma = 1.5, K = 2', 'Rician, \sigma = 1.5, K = 4', ...
    'Rician, \sigma = 1.5, K = 10', 'Rician, \sigma = 4, K = 10' );
xlabel('Signal level (dB about median)');
ylabel('probability signal < abscissa');
