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1702 — Using FFT to Obtain Simple
Spectral Analysis Plots

fi F FFT BRAS30E 7 Hr
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FAT IR 2000z [ IEZ-HZAE 206110 BUE 1k 2 AL B I B A 4081 x

% FEAE—AMIE, A 1024 ASREE AT
Fs = 1024;

% FRELEfEE 1B
t =0:1/Fs:1;

%z 200Hz [ 1F 5% Hh £k
X =sin(2%pi*xt*200) ;

B, URTFELM A FFT %k, & T ik FRT i R, T2/ 20 240 d A2
W2 10 0, A A B K E ST 2 ISR IR R T LUAE FRT W26 /NS 836 € 2 1 FFT
BEI PR, RSB EA L N E ) FFT B Hah ] 0 e, HARM
IR

% nextpow2 (n) JERKKTFEET n 2 ME/NEIR. BB S RRUE: Kb
1 p, Wi fE 27 p >=abs (A) tbil: nextpow2 (1000)=10, K AFELT 1024, M 513 %
1024 [F138%5,, nextpow2 (n) #B& 10.



nfft = 2" (nextpow2 (length(x))) ;

WIHH Tt BREL RS BBhIETR x P4, [ EMKESET nnf

fftx = fft(x, nfft);

WR nfft BAE GBI LM EAERS S — e 2 mE0 , dd e X FRe:
WATAT LGNS s 45 R e TG (1+nfft/2) A SRS, JF 5 el 24
1 (RIS, FTUATE cut —#790) « x PAIME R B frx (1),
[N FEtx (14nfft/2) >1 & x RIS R o0 & . Wk nfft 275, 82
B AR A, AE XK EE (nfft+l) /2. X1 B 2 Fhig e, #8af
PAH ceil ((nfft+1) /2) PEAT AR,

% VHAR AT A

NumUniquePts = ceil ((nfft+1)/2);

% FFT &XJFRIE), #ss—2F

fftx = fftx (1:NumUniquePts) ;

T2, TE It R

% tHHE x £t 25 R iimE

mx = abs (fftx) ;

TR OEERE, MATLAB A2 LIRS 10 K T4 0 £ FRBUIR K8

% AbPE e g5, e x KETK (2.t T_AHED
mx = mx/length(x);

% WP x Gl fEt s R M RICEJ7

mx = mx. 2;

% AR LB T FFT 194, PrPLBRATH 206 mx Sfell 2 RORIERER A AL
% UIRAAAE H o AR R, e RN, ARESRLL 2

if rem(nfft, 2) % HEUN nfft ANELFELS LR
mx (2:end) = mx(2:end)*2;
else



mx (2:end -1) = mx(2:end —1)%*2;
end

PUAE W] LI ) B T

% This is an evenly spaced frequency vector with NumUniquePts points.

f = (0:NumUniquePts—1)*Fs/nfft;

Ja, s AR bR 44 FR

% Generate the plot, title and labels.
plot (f, mx) ;

title C Power Spectrum of a 200Hz Sine Wave’);

xlabel ( Frequency (Hz)’);
ylabel C Power’ ) ;

IS E S e, AU T I MATLAB SCA:
% Sampling frequency

Fs = 1024;

% Time vector of 1 second

t =0:1/Fs:1;

% Create a sine wave of 200 Hz.

X = sin(2%pi*t*200) ;

% Use next highest power of 2 greater than or equal to length(x) to
calculate FFT.

nfft= 2" (nextpow2 (length(x)));

% Take fft, padding with zeros so that length(fftx) is equal to nfft

fftx = fft(x, nfft);



% Calculate the numberof unique points
NumUniquePts = ceil ((nfft+1)/2);

% FFT is symmetric, throw away second half

fftx = fftx (1:NumUniquePts) ;

% Take the magnitude of fft of x and scale the fft so that it is not a

function of the length of x

mx = abs(fftx)/length(x);

% Take the square of the magnitude of fft of x.

% Since we dropped half the FFT, we multiply mx by 2 to keep the same energy.
% The DC component and Nyquist component, if it exists, are unique and
should not be multiplied by 2.

if rem(nfft, 2) % odd nfft excludes Nyquist point
mx (2:end) = mx(2:end)*2;

else
mx (2:end -1) = mx(2:end —1)%*2;

end

% This is an evenly spaced frequency vector with NumUniquePts points.

f = (0:NumUniquePts—1)*Fs/nfft;

% Generate the plot, title and labels.

plot (f, mx) ;
title C Power Spectrum of a 200Hz Sine Wave’);
xlabel ( Frequency (Hz)’);



ylabel C Power’) ;

The resulting plot looks like the following:
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1702 — Using FFT to Obtain Simple
Spectral Analysis Plots

Question:

How can you correctly scale the output of the FFT function to obtain a
meaningful power versus frequency plot?

Answer:

Assume x is a vector containing your data. A sample vector used with this
technical note is a 200 Hz sinusoid signal.

% Sampling frequency
Fs = 1024;

% Time vector of 1 second
t =0:1/Fs:1;

% Create a sine wave of 200 Hz.

X =sin(2%pi*xt*200) ;

First, you need to call the FFT function. For the fastest possible ffts,
you will want to pad your data with enough zeros to make its length a power
of 2. The built—in FFT function does this for you automatically, if you

give a second argument specifying the overall length of the fft, as
demonstrated below:

% Use next highest power of 2 greater than or equal to length(x) to
calculate fft

nfft = 2" (nextpow2 (length(x))) ;

% Take fft, padding with zeros so that length(fftx) is equal to nfft

fftx = fft(x, nfft);



If nfft is even (which it will be, if you use the above two commands above),
then the magnitude of the fft will be symmetric, such that the first
(1+nfft/2) points are unique, and the rest are symmetrically redundant.
The DC component of x is fftx(1) , and fftx(l+nfft/2)> is the Nyquist
frequency component of x. If nfft is odd, however, the Nyquist frequency
component is not evaluated, and the number of unique points is (nfft+1)/2.
This can be generalized for both cases to ceil ((nfft+1)/2) .

% Calculate the number of unique points
NumUniquePts = ceil ((nfft+1)/2);

% FFT is symmetric, throw away second half
fftx = fftx (1:NumUniquePts) ;

Next, calculate the magnitude of the fft:

% Take the magnitude of fft of x

mx = abs (fftx) ;

Consider the fact that MATLAB does not scale the output of fft by the length
of the input:

% Scale the fft so that it is not a function of the length of x

mx = mx/length(x);

% Now, take the square of the magnitude of fft of x which has been scaled
properly.
mx = mx. 2;

% Since we dropped half the FFT, we multiply mx by 2 to keep the same energy.
% The DC component and Nyquist component, if it exists, are unique and
should not be multiplied by 2.

if rem(nfft, 2) % odd nfft excludes Nyquist point
mx (2:end) = mx(2:end)*2;

else
mx (2:end -1) = mx(2:end —1)%*2;

end



Now, create a frequency vector:

% This is an evenly spaced frequency vector with NumUniquePts points.

f = (0:NumUniquePts—1)*Fs/nfft;

Finally, generate the plot with a title and axis labels.

% Generate the plot, title and labels.

plot (f, mx) ;

title C Power Spectrum of a 200Hz Sine Wave’);
xlabel ( Frequency (Hz)’);

ylabel (’ Power’ ) ;

Bringing this all together, you get the following MATLAB file:

% Sampling frequency

Fs = 1024;

% Time vector of 1 second

t =0:1/Fs:1;

% Create a sine wave of 200 Hz.

X = sin(2%pi*t*200) ;

% Use next highest power of 2 greater than or equal to length(x) to
calculate FFT.
nfft= 2" (nextpow2 (length(x)));

% Take fft, padding with zeros so that length(fftx) is equal to nfft

fftx = fft(x, nfft);

% Calculate the numberof unique points



NumUniquePts = ceil ((nfft+1)/2);

% FFT is symmetric, throw away second half

fftx = fftx (1:NumUniquePts) ;

% Take the magnitude of fft of x and scale the fft so that it is not a
function of the length of x

mx = abs(fftx)/length(x);

% Take the square of the magnitude of fft of x.

% Since we dropped half the FFT, we multiply mx by 2 to keep the same energy.
% The DC component and Nyquist component, if it exists, are unique and
should not be multiplied by 2.

if rem(nfft, 2) % odd nfft excludes Nyquist point
mx (2:end) = mx(2:end)*2;

else
mx (2:end -1) = mx(2:end —1)%*2;

end

% This is an evenly spaced frequency vector with NumUniquePts points.

f = (0:NumUniquePts—1)*Fs/nfft;

% Generate the plot, title and labels.

plot (f, mx) ;

title C Power Spectrum of a 200Hz Sine Wave’);
xlabel ( Frequency (Hz)’);

ylabel C Power’) ;

The resulting plot looks like the following:
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