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S@) = 2” +Z[an cos(27r—t)+b sin 2:1'?!)

n=l1

N: data length (number of data points) of the waveform §
T: time length of the waveform §

SR W A W

Spectral analysis = a mathematical prism

Lucas V. Barbosa, http://en.wikipedia.org/wiki/File:Fourier_series_and_transform.gif
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S(t)=—2 : +Z[a COS(ZJT?! )+b, sm(M?I}

n=1

N: data length (number of data points) of the waveform $
T: time length of the waveform S

1 ¢r 7
a, =?L S(f)cos(2 . )t

correlate the signal with either cosine or sine, and then aver:

b =%£ S(r)sin(Z;z[%lz)dr

n creates a family of cosine or sine with harmonic frequency
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n n n
a cos(2r—1)+b sin(2xr—t)=c, sin(2x—1+
n ( ?—v ) n ( ?—- ) n ( ?—- ¢JI)
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- - 2 Y 2 4 Magnitude = 0.72111, Phase = 56.3099 .
1 pr . n 1 . . 0.4*cosine
b, =—[ S()sin(2z —1)dr 06'sine
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6 -4 -2 4] 2 4 C” = fa; + b”
Function Type Symmetry Coefficient values b
Even S(t)=S(-t) b,=0 @, = arctan(¢}
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SPECTRAL ANALYSIS
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- [MATLAB RULE] -3 & =

+ help fft

» FFT Discrete Fourier transform.

¥ #FFT

- FFT-BASED#7 3% 4 47

Fi—rylézv #, ~demodata_L6\FFTspectrum.m

10-Hz Sine Wave

Spectral Analysis (FFT)

. . m T
FFT(X) is the discrete Fourier transform (DFT) of vector X. For o8 ' ‘ | _Il ' H I\ 1 ﬂ ‘l | 09 ‘
matrices, the FFT operation is applied to each column. For N-D ‘ \ ‘ || | H H ! ‘ Z:
arrays, the FFT operation operates on the first non-singleton 02 | |‘ | " ‘ ‘ | | ‘ § 05
dimension. ‘ | ‘ ‘ ‘ % 08
‘ | ‘ ag 0.4
n”| || |,| o3
0.6 0.2}
FFT(X,N) is the N-point FFT, padded with zeros if X has less ’ ‘ | || M ‘ \ | |‘ ‘ | ||| ” “ "
|
than N points and truncated if it has more. L 'I o A E R PR
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Power Spectrum (dB)
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Simulated Signal of Mixed Sine Wawes With White Noise, SNR = -7 dB
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Heart rate variability
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Spectral Analysis (FFT)
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Mean HRY is 0.51841
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Spectral Analysis (FFT with Welch method)

6, Chia-Feng Lu

e 02 03 04 05 08 07

noy (M)

29

~

—
PRYR AL &= 8 -

o B k¥ 4 Fdemodata_L6\EMG\EMG_spectrum.m

100 Original EMG = ./

400

Rectified EMG

-500
o 5 10 15 20 25

b/ ym.edu twi~cflu

15 20 25

11/01/2013 Lesson 6, Chiz-Feng Lu

Nt

30

o’

—

BEVE L &= B A=W

« AT

Spectral Analysis (FFT with Welch method)
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Spectral Analysis (FFT with Welch method)
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