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SIO221A Homework #6 (Eric Gallimore)

function hwe()

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

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

| en_conpl ete = size(vel b4, 2);

poi nts_per = floor(len_conplete / dof);

for i=1:dof
records.velocity(:,:,i) = velb4(:,(i-1)*points_per+1:i*points_per);
records.tine = 0:0.625:0.625*points_per; %tines
records. space = 0:2:2*219; % spaci ng

end

Task 1: Present power spectral estimates of
the horizontal velocity

Ehat(sigma) at 50 degrees of freedom for two ranges separated by 2r=24m. Plot log-log on the same plot.
Identify the swell peak, wind-wave peak. State the frequency in cycles/s, please.

% Get two records, 24m apart.

% From previ ous problens, we know that data in the spatial range 10:201 is
% good. Each row is separated by 2m So, pick two rows 12 indexes apart.
% | ndex 10 = 20m (or maybe nore... don't know what index 1 is, actually.)
% i ndex 22 = 44m
%elocity close(:,:)
%elocity far(:,:) =

= records.velocity(10, :, :);
records.velocity(22, :, :);

% CGet two records, 24m apart.
% From previ ous problens, we know that data in the spatial range 10:201 is
% good. Each row is separated by 2m So, pick two rows 12 indexes apart.

% | ndex 100 = 200m (or maybe nore... don't know what index 1 is, actually.)
% i ndex 112 = 124m
% Both records will use the sane frequency spacing, so we don't need




%different variables for that.

sampl e_interval = 0.625; % seconds

vel ocity_cl ose = reshape(vel b4(100,:), [], 1);

velocity far = reshape(vel b4(112,:), []., 1);

[ehat _cl ose_real, ehat_close, freq_bins_real, freq_bins, delta f] = ..
varspec_est _rmul tidof (velocity_cl ose, sanple_interval, dof);

[ehat _far_real, ehat_far, freq_bins_real, freq_bins, delta f] = ..
varspec_est _rmul tidof(velocity far, sanple_interval, dof);

figure();

clf();

| ogl og(freq_bins_real, ehat_close_real);

hol d on;

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

%1 don't think we have a single axis |abel here.

%1 abel (' Vari ance of velocity (m2/s * hours)')

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

| egend(' Cl ose Range (200m',' Far Range (224m"');

title(' Spectral density estimates using two ranges');

yl abel (" Vari ance spectral density of velocity (cms) ~-"2");

annotation(gcf(), textarrow ,[0.643378519290928 0. 618352450469239], ...
[0.696581196581197 0.63960113960114], "' Text EdgeCol or', "' none', ...
"String' ,{"Wnd'});

annotation(gcf(), ' textarrow ,[0.334723670490094 0.440041710114703], ...
[0.836606837606838 0.881766381766382], ' Text EdgeCol or', ' none', ...
"String' ,{" Swell'});
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Task 2: Present co and quadrature spectral es-
timates at 50 d.o.f.

Plot log (frequency, cps) vs. linear ordinate.
[cross_spec, freq_bins] = crossspectrumvelocity close, velocity far, sanple_inter

figure()

% |

co = 2.*real (cross_spec(1:60));
sem | ogx(freq_bins, co);

hol d on;

% Q

quad = 2.*imag(cross_spec(1l:60));
sem | ogx(freq_bins, quad, 'r--');
| egend(' Cospectrum, 'Quadrature spectrum);
x| abel (' Frequency (cycles/sec)');
title(' Co/Quad Spectrum);

yl abel (" Magni tude (cm's) ~-72");
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Task 3: Present estimates of coherence and
phase (in degrees) at 50 DOF

On the phase plot, re-plot the phase estimate in each frequency band as an asterisk (*), but only in those
frequency bands where the coherence is significant at the 67% confidence level.

coherence = 2. *abs(cross_spec(1:60)) ./ sqgrt(ehat_close real .* ehat far_real);

% angl e(z) is the sane as atan2(inag(z), real (z))
phase_radi ans = angl e(cross_spec(1:60));
phase_degrees = phase_radi ans * (180/pi);

si gni ficant _coherence = coherence(coherence > 0.2);

figure()

sem | ogx(freq_bi ns, coherence);

hol d on;

sem | ogx(freq_bi ns(coherence > 0.2), significant_coherence, 'r*');
| egend(' Coherence', 'Significant Coherence (>0.2)");

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

title(' Coherence');

% Coherence is unitless, since it is a PSD PSD

yl abel (' Coherence');

figure()

sem | ogx(freq_bi ns, phase_degrees);

hol d on;

sem | ogx(freq_bi ns(coherence > 0.2), phase_degrees(coherence > 0.2), 'r*");
| egend(' Phase', 'Phase wi th coherence >0.2");

x| abel (' Frequency (cycles/sec)');
title(' Phase');
yl abel (' Phase, degrees');

di sp(' Positive phase corresponds to waves arriving at the near receiver');
disp('after the far receiver. So, if the range of the receivers increases');
di sp('as we go west, that neans that the waves are noving east.');
fprintf('\n');

di sp(' The wavenunber bandwi dth is inversely proportional to the coherence.');
di sp(' Over frequencies where the coherence is |low, the dispersion relation');
di sp(' not as well defined... that is, the energy in the wavenunber spectrum);
disp('is spread (looks less Ilike a delta function). Were the coherence is');
di sp(' high, the energy is tightly constrained within wavenunber "bins"."');

Positive phase corresponds to waves arriving at the near receiver
after the far receiver. So, if the range of the receivers increases
as we go west, that neans that the waves are novi ng east.

The wavenunber bandwi dth is inversely proportional to the coherence.




Over frequenci es where the coherence is |low, the dispersion relation

not as well defined... that is, the energy in the wavenunber spectrum
is spread (looks less like a delta function). Were the coherence is
high, the energy is tightly constrai ned within wavenunber "bins".
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Task 4/5

the 24 comes from the 24m spacing. The 2pi isto get it in cycles per meter. We need to "unwrap” the
phase, which we can do because we have an idea of what is going on here, so we know it isjust aliased.

wavenunbers = unwr ap(phase_radi ans(coherence > 0.2)) / (2*pi*24);

figure()
sem | ogx(freq_bi ns(coherence > 0.2), wavenunbers, 'r*');
hol d on;

k = 2*pi*(freq_bins).”~2 / 9.8;
sem | ogx(freq_bins, k);

% zoomin on the area of interest
xIim([0.05, 0.25]);

| egend("' Enmpirical dispersion', 'Deep-water dispersion');
x| abel (' Frequency (cycles/sec)');

title(' Wavenunber/ Frequency relation');

yl abel (' Wavenunber (cycles/m"');
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end

function [cross_spec, freq_bins] = crossspectrun(data_a, data_b, sanple_interval,
% We get 2 DOF fromeach set of data (thanks to real/img conponents.
num sets = ceil (dof / 2);

| en_complete = size(data_a, 1);
poi nts_per = floor(len_conplete / numsets);

delta_f = (1/sanple_interval) / points_per; %sane as fs / N
freq_bins = O: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;




end

%get rid of the first (nean) val ue.
Cross_spec = cross_spec(2:end);
freq_bins = freq_bins(2: 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] = ...

end

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 = O:delta_f: (N * delta_f);

% W are dealing with a real signal, so we only care about positive, real
% freqgency conponents. 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 ./

(N°2);

% Al so, figure out the full spectrum
ehat = abs(a(l:length(freq_bins)-1)).722 ./ 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.

ehat = ehat (2:end);

ehat _real = ehat_real (2:end);
freq_bins = freq_bins(2: end);
freqg_bins_real = freq_bins_real (2: end);

function [ehat _real, ehat, freq_bins _real, freq_bins, delta f] = ...

varspec_est _avg(data, sanple_interval, set_size, nunber_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,




end

[ehat _parts_real (i, :), ehat_parts(i, :), freg_bins_real, freq_bins,

varspec_est _real (data(start_idx:end_idx), sanple_interval);
end

% formthe average

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

ehat _real = nean(ehat_parts_real);

function [ehat _real, ehat, freq_bins_real, freq_bins, delta f] = ..

end

varspec_est _rmul 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);
poi nts_per = floor(len_conplete / numsets);

[ehat _real, ehat, freq_bins_real, freq_bins, delta f] = ..
varspec_est _avg(data, sanple_interval, points_per, numsets);
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