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Introduction

A power spectral density function can be calculated viathe MATLAB PSD() command, which is part of
the Signal Processing Toolbox. The PSD() command, however, is not available in every MATLAB
software configuration. Thus, a more fundamental approach is needed.

This paper gives the source code for calculating the power spectral density using MATLAB based on the
Fast Fourier transform (FFT).

Background theory is given in Reference 1. Additional notes on the MATLAB PSD() function are given
in Appendix A.

Source Code

function [p,f,oarnms] = psdfft(y,nfft,fsanp, wadw, novl ap)

%

% Esti mat es Power Spectral Density by periodogram method using fft() function
%

% Usage: [p,f,oarnms] = psdfft(y,nfft,fsanp, wadw, novl ap)

%

% | nput s: y Tinme history vector to anal yze.

% nfft Nunmber of points in each ensenbl e,

% needs to be an even nunber, but does not

% have to be a power of two (MATLAB will use

% a slower DFT routine if not a power of two,

% see 'help fft' for details).

% fsanp Sanple rate of data, used to normalize out put
% and generate frequency vector.

% wndw A non-zero value will apply aHanni ng wi ndow

% of length nfft to each ensenble (requires hann. m
% bel ow) .

% novl ap Nunber of points to overlap each ensenbl e,

% for exanple nfft=1024 with novl ap=512 is

% a 50% overl ap.

%

% Qutputs: p Power spectral density in units of [y units]

% squar ed

% per [fsanp units], for exanple g"2/Hz.

% f Frequency vector.

% oar ns Overall rms value, square root of area under f-p



% curve.

%

% Reference: Nunerical Recipes in C,  Second Edition, Canbridge Press, pp 549-
% 556.

%

% Code for hann.m

%

% function [w = hann(n)

%w = 0.5(1-cos((2*pi *[1:n])/(n+1)))";

%

% Note that this script was wwitten to denonstrate the nethod. Several
% opti m zati ons and enhancenents are possible.

% Make sure that input is a colum vector
argc = size(y) ;

if (argc(l)==1); y =vy'" ; end

% Cal cul ate nunber of avail abl e ensenbl es
npts = length(y) ;

ensenbles = floor((npts-nfft)/(nfft-novlap))+1 ;

%lnitialize ensenbl e indexing variabl es

nt =1 ;
n2 = nfft ;
dn = nfft-novlap ;

%Ilnitialize psd sunmati on storage vari able
arg_sum = zeros([nfft 1]) ;

% Mai n program | oop

for k=1:ensenbl es

arg_y = y(nl:n2) ; % Extract current ensenble points
arg_y = arg_y - nean(arg.y) ; % Renobve nean
if (wndw ~= 0)
arg_y = arg_y.*hann(nfft) ; % Apply wi ndow i f required
end
arg_fft =fft(arg_y,nfft) ; % FFT of ensenbl e
arg_abs = abs(arg_fft)."2 ; % Modul us squared of FFT
arg_sum = arg_sum + arg_abs ; % Accunul ate in summati on vari abl e
nl = nl+dn ; % | ncrenment ensenbl e i ndex
vari abl es
n2 = n2+dn ;
end % End of main |oop
arg_sum = arg_sum ensenbl es ; % Aver age val ue of summed spectra

% Conput e wi ndow function nornmalization factor
if (wndw ~= 0)
wndw_sc = sum(hann(nfft).”2) ;
el se
wndw sc = nfft ;
end



% Power spectrumis symretric about Nyquist frequency, use |lower half and
%rmultiply by 4. Then divide by 2 to convert peak”2 to rms”2. Thus scale
% factor is 2.

p = 2*arg_sum(1l:nfft/2+1) ;

% Nornmalize to correct for w ndow

p = p/wndw_sc ;

% Normal i ze spectral density for sanpling units

p = p/fsanp ;

% Create frequency vector

df = fsanmp/nfft ;

f = [0:df:fsanmp/2]";

% Cal cul ate overall rms |evel fromarea under PSD curve

oarns = sqrt(sum(p.*df)) ;
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APPENDIX A

Several engineers were surveyed regarding the use of MATLAB to calculate power spectral density
functions.

Todd Dahling replied:

| actually don't use the FFT (directly). Thereisacommand called "PSD" and another called
"PWELCH." The difference between the two is that "PWELCH" scales the FFT's properly (by the
Sample Rate). Both functions use what is called the modified Welch periodgram method to convert
atime history to PSD. The basis of thisis simply to divide the time history into sections
(overlapping or not), window each section with the specified window (Hanning=default), FFT each
section and multiply by its complex conjugate, and average over the number of sections. One could
do thiswith the FFT command, but these two functions bring all the "stuff" together into one
command.

Note that Todd Dahling's method assumes availability of the MATLAB PSD() function.



