Spectrum calculation

Homework on Spectral analysis using MatLab (or whatever you like)

1.) Data: You have produced, downloaded data.

You can also use two time series named x552spec and y552spec, which you can get from this directory. These time series of daily observations are each 4096 days long. x552spec and y552spec are different physical variables measured at the same time and place, or possibly the same variable measured at different spatial locations, but at the same set of times.

2.) The primary tool Use the spectral analysis package within Matlab. You can calculate a power spectrum for x by using the following set of commands:

matlab

>>load x552spec

>>x=x552spec;

>>P=spectrum(x,m,noverlap);

here m is the length of the FFT you want to use-it must be a power of 2 (e.g. 4096,2048,1024,512,256,128,64,32, . are your choices) noverlap is the overlap between the blocks of length m-the amount by which adjacent blocks overlap. Since a Hanning window is used, the data near the ends of each block are not weighted very heavily, and it may make sense to have some overlap. You have to take this into account in your statistical testing though.

So the two design parameters you have to work with are m and noverlap.

>>specplot(P,1.)

will plot the spectrum(in yellow on my machine) along with 95% confidence limits. (Oppenheim and Shafer, Digital Signal Processing, Prentice-hall, 1975, p 556).

To do cross spectral analysis you can add a second variable name to the command.

>>P=spectrum(x,y,m,noverlap);

3.) Seek the Peaks: First look for the periodicities you expect to see in x. First decide what confidence level you require. I suggest either 95% or 99%.

4.) Cross-Spectral Analysis: Now we want to search for relationships between the two time series x and y. The command to compute the cross spectral analysis is,

>>P=spectrum(x,y,m,noverlap);

>>specplot(P,1.)

you touch the spacebar to run successively through plots of the power spectra of x and y, the amplitude of the cross spectrum, the phase between x and y and the coherence between x and y.

a) First thing to look at perhaps is the coherence between x and y as a function of frequency (the way it was done, frequency is given in cycles per day). Evaluate whether the coherence exceeds your statistical significance level (stated earlier) at any of the points where you have identified significant peaks in the individual time series.

b) At those frequencies where the coherence is statistically significant, what is the phase relationship between the time series?

5) Summarize: Where do you have significant peaks in power in x and y? In which of these frequency bands are x and y coherent? What is the phase relationship between x and y where they are coherent?

Notes:

You may find it useful to make you own linear plots P is an m/2x8 array containing Pxx, Pyy, Pxy, Txy, Cxy, Pxxc, Pyyc, Pxyc where P is power, T is transfer function, C is coherence, and the c subscript indicates a 95% confidence interval.

You can make a vector of the frequencies in the folowing way,

>>f=0.5*(0:m2)/m2 (where m2 is m/2, the number of frequencies resolved)

Then you would make a linear plot of the first half of the coherency spectrum by typing,

>>plot(f(1:m4),P(1:m4,5))

where m4=m/4. To plot all resolved frequencies replace m4 with m2

>>plot(f(1:m2),P(1:m2,5))

to plot the phase, type

>>ph=angle(P(1:m2,4));

>>plot(f(1:m4),ph(1:m4))

The phase is given in radians. If you want it in degrees, type

>>phd=ph*180/3.141593

>>plot(f(1:m4),phd(1:m4))

