SIO221A Final Task 2 (Eric Gallimore)
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Initialization

function final ()

clear();
close all;
| oad(' vel b4degl . mat");

% Figure out howto partition this to get 50 DOF
dof = 50;

| en_conplete = size(vel b4, 2);
points _per = floor(len_conplete / dof);

2 - Reusing code from HW7

Estimate H(sigma) between ranges 100 and 90 using spectra and cross spectral estimates calculated at 50
dof, as per Homework 6. Plot the Gain and Phase functions at positive and negative frequencies.

sanpl e_interval = 0.625; % seconds

velocity_100 = reshape(vel b4(100,:), [], 1);
velocity_90 = reshape(vel b4(90,:), [], 1);
velocity_80 = reshape(vel b4(80,:), [], 1);

[cross_spec_100 90, freq_bins] = crossspectrun..
vel ocity 90,velocity 100, sanple_interval, dof);
[ehat 100 real, ehat 100, freq bins real, freq_bins, delta f] = ..
varspec_est _mul ti dof (vel ocity 100, sanple_interval, dof);
[ehat 90 real, ehat 90, freq_bins real, freq_bins, delta f] = ..
varspec_est _mul tidof (velocity 90, sanple_interval, dof);
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2A - Plot power spectrum of wave velocity and
estimate of noise

find the noise floor through visual inspection of the plot below. It'swhite, and it lookslikeit's around 180.

ehat _noi se_real = ones(1,length(freq_bins_real)) .* 180;
ehat _noi se = ones(1,length(freq_bins)) .* 180;

figure();

clf();

| ogl og(freq_bins_real, ehat 100 _real);

hol d on;

| ogl og(freq_bins_real, ehat_noise real, '"r--");

x| abel (' Frequency (cycles/sec)');

| egend(' Data @ 200mi ,' Estimated Noi se Spectrum);

title(' Spectral density estimates of signal and noise');

yl abel (" Vari ance spectral density of velocity (cms)”2/cps');
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2B - Plot noise to signal ratio

nsr_real = ehat_noise real ./ ehat 100 real;
nsr = ehat _noise ./ ehat_ 100;

figure();

clf();
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| ogl og(freq_bins_real, nsr_real);
x| abel (' Frequency (cycles/sec)');
title(' Noise to signal ratio');
yl abel (' Noi se to signal ratio');
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2C setup - Check coherence

% find the frequenci es where the choherence suggests that our cross
% spectral estimates are unreliable.

coherence = abs(cross_spec_100 90) ./ sqgrt(ehat 100 .* ehat_ 90);
% a coherence of less than 0.4 isn't good...

bad freq bins = find(fftshift(coherence) < 0.4);

bad coh_i ndex = find((coherence) < 0.4);

figure()

plot(freq_bins, fftshift(coherence))

hol d on;

co_shifted = fftshift(coherence);

pl ot (freq_bi ns(bad freq_bins), co _shifted(bad freq bins), "r*");
x| abel (' Frequency, cps');

yl abel (' Coherence');

title(' Coherence between 100 and 90 data');
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Coherence between 100 and 90 data
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2C - Plot frequency responses

See part 1 for source of these equations

% zero estimates in frequency bands with bad coherence
H hat = cross_spec_100 90(1:length(freq_bins)) ./ ehat_100;

%1 hat _zeroed = fftshift(H hat);
%1 _hat _zer oed(bad_freq_bins) = 0;
H hat _zeroed = H hat;

H hat _zer oed(bad_coh_i ndex) = O;

H=Hbhat .* (1 + nsr);

%1 zeroed = fftshift(H);

%1 zeroed(bad _freqg_bins) = 0O;
H zeroed = H;

H zeroed(bad_coh_i ndex) = O0;

% uncorrected for noise
mag_h_hat = abs(H hat_zeroed);
mag_h = abs(H_zeroed);

figure()

plot(freq_bins, fftshift(mg_h_hat), "'r--")
hol d on;

plot(freq_bins, fftshift(mag_h));

%pl ot (freq_bins(bad _freq_bins), nag_h(bad _freq_bins),

vr*v);
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x| abel (" Frequency, cps');

yl abel (' Magni tude' ) ;

| egend(’ Hhat (\sigma)', 'H(\sigm)');
title(' Magnitude of filter functions');

disp('It is conceivable that waves m ght grow as they propagate eastward')
di sp(' due to energy input (fromw nd forcing?). That said, I'"m")

di sp(' skeptical about that.');

di sp(' Some experinentation suggests that the error goes doen when His')
di sp(' scaled, but I don''t have a solid explanation for this yet.");

% Try scaling H
%H=H/ 1. 233;

It is conceivable that waves nmight grow as they propagate eastward

due to energy input (fromw nd forcing?). That said, I'm
skeptical about that.

Sone experimentation suggests that the error goes doen when His
scal ed, but | don't have a solid explanation for this yet.
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Part 2D - Time series prediction

Note that using the "zeroed" version of H and Hhat increased the error, so they aren't used here. (This
result is surprising.)

% You will probably have broken the original data series into 25
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% segnents to calculate H(! ). So go back through the 25 segnents,

% Fourier transformthe velocity data at range “90” (the forcing input),
%multiply by the 50 dof H(! ), and then inverse-transformto get the

% predicted record as a function of tinme at range “80”

% Hint: Take care to treat the negative frequencies of the input data and of
% H(! ) correctly, so that your prediction is real. The inverse-transform

% out put should have a very small imaginary part if this is done correctly.

% Test i ng:
%4 100_90 = ones(1,length(H 100_90));

% CGet the 25 segnents
nunber of sets = 25
set_size = floor(length(velocity 90) / nunber_of _sets);
for i=1:nunber_of sets
start_idx = (i-1) * set_size + 1
end_idx = start_idx + set_size - 1

data = velocity_90(start _idx:end_idx);
a_90(:,i) = fft(data');
a predicted 80 = a_90(:,i)" .* H hat;

a_predicted 80 better = a 90(:,i)" .* H

predicted _80(:,i) = ifft(a_predicted_80");
predi cted 80 better(:,i) = ifft(a_predicted 80 better');

error(:,i) = predicted_80(:,i) - velocity 80(start_idx:end_idx);
error_better(:,i) = predicted 80 better(:,i) - velocity 80(start_idx:end_i

it ((i==5) || (i==20))

figure();

subplot(2,1,1);

plot(1l:1ength(predicted 80(:,i)), predicted_80(:,i))

hol d on;

pl ot (vel ocity_80(start_idx:end_idx), "r")

hol d of f;

| egend(’ Predicted , 'Actual');

x|l abel (" Tinme (sanples)');

yl abel (" Ampl i tude of velocity (cnis)');

title(' Tine series, prediction and actual data using Hhat(\sigm)');

subplot (2,1, 2);

plot(1l:1ength(predicted_80 _better(:,i)), predicted 80 better(:,i))

hol d on;

pl ot (vel ocity_80(start_idx:end_idx), "r")

hol d of f;

| egend(’ Predicted , 'Actual');

x|l abel (" Tinme (sanples)');

yl abel (" Ampl i tude of velocity (cnis)');

title(' Tine series, prediction and actual data using H(\sigm)');
end

end
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Amplitude of velocity (cmfs)
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Part 2E

% Quantify the accuracy of the prediction by formng tine series of

% Error (t) = predicted(t) -vel b4(80,1t)

% in each of the 25 segnents.

% For m power spectra of

% Error(! ) and vel b4(80, ! ) at 50 dof. Plot log-log on the sane plot.

% (This is the noise-to-signal ratio)

% Al so, for two of your sub-records, plot velb4(80, t) and predicted(t) on
% the sanme plot. Wich aspects of the wavefield are well-predicted which

% are not ?

error = reshape(error, [], 1,1);

error_better = reshape(error_better, [], 1,1);

[ehat _error _real, ehat _error, error _freq bins real, error_freq_bins, error_delta f
varspec_est _multidof(error, sanple_interval, dof);

[ehat _error_better _real, ehat _error_better, error_better freq_bins _real
error_better freq_bins, error_delta f] = ..
varspec_est _multidof(error_better, sanple_interval, dof);

[ehat 80 real, ehat 80, freq_bins real, freq_bins, delta f] = ..
varspec_est _rmul tidof(velocity 80, sanple_interval, dof);

figure();

| ogl og(freq_bins real, ehat_error_real, 'r');

hol d on;

| ogl og(freq _bins real, ehat_error_better real, 'b");

| egend(' Error using Hhat (\sigma)', 'Error using H(\sigm)');

x| abel (' Frequency, cps');
yl abel (' Vari ance spectral density of velocity (cnms)”2/cps');
title(' Variance spectral density of error');
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‘Wariance spectral density of velocity (cm/sFicps

Part 2F

di sp(’
di sp(’
di sp(’
di sp(’
di sp(’
di sp(’
di sp(’
di sp(’

end

functi
%

4 “ariance spectral density of error
10 . . ————— . 1
[ Etror using Hhat{a) ]
Errar using H{o) ]
100} .
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Accounting for neasurenent noi se seens to have hurt our prediction.');
This is alnost certainly an error somnhere in this programthat 1');
have not yet identified. (Particularly since the tine series');

does | ook inproved.)');

The wi nd waves are affected nore than the swell because the data');

at those frequencies have a |ower signal-to-noise ratio. Thus,');
accounting for sone of the noise will have a proportionally');

greater effect.');

Accounting for measurement noise seens to have hurt our prediction
This is alnost certainly an error somnhere in this programthat |
have not yet identified. (Particularly since the tine series

does | ook inproved.)

The wi nd waves are affected nore than the swell because the data
at those frequencies have a | ower signal-to-noise ratio. Thus,
accounting for some of the noise will have a proportionally
greater effect.

on [cross_spec, freq_bins] = crossspectrun(data_a, data_b, sanple_interval,
We get 2 DOF fromeach set of data (thanks to real/inag conponents.

num sets = ceil (dof / 2);
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| en_compl ete = size(data_a, 1);
points_per = floor(len_conplete / numsets);

delta f = (1/sanple_interval) / points_per; %sane as fs / N
freg_bins = (points_per/2 * delta f + delta f):delta_f:(points_per/2 * delta_f

% CGet the variance spectral densitity for each subset.
for i=1:numsets

start_idx = (i-1) * points_per + 1;

end_idx = start_idx + points_per - 1;

a_a(:,i) = fft(data_a(start_idx:end_idx));
a b(:,i) =fft(data_b(start_idx:end_idx));
crosses(i,:) = bsxfun(@ines, conj(a_a(:, i)), a b(:,i));

end

% nornmalize FFT by n"2

% CGet the average val ues (average of col ums)
cross_spec = mean(crosses) ./ delta_f ./ points_per”2;
%ross_spec = reshape(cross_spec, [], 1, 1);

%get rid of the first (nean) val ue.

end

Variance Spectral Density Functions

Take the given data and provide a variance density estimate The freq_binsarray will bein reciprocal units
to the units of sample _interval. ehat has units of (data_units*2) per (1/sample_interval_units)

function [ehat_real, ehat, freq_bins real, freq_bins, delta f] = ...
varspec_est _real (data, sanple_interval)

% First, do the FFT to get an array of Fourier coefficients
a = fft(data);

% Fi gure out our frequency bins.

N = |l engt h(dat a) ;

delta f = (1/sanmple_interval) / N, %sane as fs / N
freqg_bins real = O:delta_f: (N2 * delta_f);

freqg_bins = (-N2 * delta f + delta_f):delta f:(N2 * delta_f);
% req_bins = O:delta f:Ndelta f - delta f;

% W are dealing with a real signal, so we only care about positive, real
% freqgency conmponents. To get the power, we want to "fold" both sides of
% the spectrumtogether. Since they are the sane, we can just take one
% side and multiply by 2.
% To preserve variance, we have to normalize this result by dividing by
% N'2, due to the Matlab inplenentation of fft.
ehat _real = 2 * abs(a(l:length(freq_bins_real))).”2 ./ delta_f ./

(N2) ;

10
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% Al so, figure out the full spectrum
ehat = abs(a(l:length(freq_bins))).”2 ./ delta_f ./ (N‘2);

% The first frequency bin will hold the nmean, not a conponent of the
% variance. Since we are interested in the variance spectrum drop
%the first bin.

%hat = ehat (2: end);

ehat _real = ehat_real (2:end);

freq_bins_real = freq_bins_real (2:1ength(ehat_real)+1);

end

function [ehat _real, ehat, freq_bins_real, freq_bins, delta f] = ...
varspec_est _avg(data, sanple_interval, set_size, nunmber_of_sets)

% CGet the variance spectral densitity for each subset.
for i=1:nunber_of sets

start_idx = (i-1) * set_size + 1;

end_idx = start_idx + set_size - 1,

[ehat _parts_real (i, :), ehat_parts(i, :), freg_bins_real, freq_bins, delta
varspec_est _real (data(start_idx:end_idx), sanple_interval);
end

% formthe average

% CGet the average val ues (average of colums)
ehat = nean(ehat _parts);

ehat _real = nean(ehat_parts_real);

end

function [ehat_real, ehat, freq_bins real, freq_bins, delta f] = ...
varspec_est _rmnul tidof (data, sanple_interval, dof)

% We get 2 DOF fromeach set of data (thanks to real/img conponents.
num sets = ceil (dof / 2);

| en_compl ete = size(data, 1);
points_per = floor(len_conplete / numsets);

[ehat _real, ehat, freq_bins real, freqg_bins, delta f] = ...

varspec_est _avg(data, sanple_interval, points_per, numsets);
end

Published with MATLAB® 7.12
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