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Fourier series
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Electrocardiogram: Fourier coefficients (magnitude)
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Electrocardiogram: Fourier coefficients (phase)
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Real valued signals

Why is the magnitude even and the phase odd? Is this a coincidence?

Let X[k] = axexp (i), do we always have X[—k]| = ay exp (—i&k)?



Real valued signals

Why is the magnitude even and the phase odd? Is this a coincidence?

Let X[k] = axexp (i), do we always have X[—k]| = ay exp (—i&k)?

R[—k] = /OTX(t)exp <i27;kt> dt
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Real sinusoids

Can we express the Fourier series of a real signal in terms of real sinusoids?



Real sinusoids

Can we express the Fourier series of a real signal in terms of real sinusoids?
X[Kloxk + K[—Klp—k
. 2wkt ) 2wkt
= ay exp (i) exp ( = ) + ay exp (—i&k) exp <— )

T
I27Tkt 127Tkt
= ay | exp + i&k | +exp — &
2kt
=2 it
Q) COS ( T + §k>

ke
Fr {x} = % Z X[klpk = a0 + = Z2ak cos (2 §k>

k=—ke




Fourier components
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Fourier series
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Filtering



Electrocardiogram features
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Problem: Baseline wandering
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Electrocardiogram: Fourier coefficients (magnitude)
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Filtering

Idea: Process signal by removing (or attenuating) frequency components



Filtering

Idea: Process signal by removing (or attenuating) frequency components

High-pass filtering to correct baseline wandering
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Electrocardiogram after high-pass filtering
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Electrocardiogram after high-pass filtering
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Problem: Electric-grid interference
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Fourier coefficients (magnitude)
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Filtering

Idea: Can we remove the interference by filtering?



Filtering

Idea: Can we remove the interference by filtering?

Band-stop filtering
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Filtered
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Filtered electrocardiogram

2.0

1.5

1.0 1

0.5 A

Voltage (mV)

0.0 1

—0.5

32 33 34 35 36 3.7
Time (s)



Electrocardiogram features
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Sampling



Watch videos



Electrocardiogram: Fourier coefficients (magnitude)
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Sampling an electrocardiogram

We are only interested in frequencies up to around 40 Hz, so we can choose
ke =312 and N = 625

Will this work?



Recovered Fourier coefficients (N = 625)
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Recovered signal (N = 625)
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What is going on?
Why do we see a phantom component at +225 (28.1 Hz)?
Recall that N = 625 and powerline interference is at £400 (50 Hz)

£'e€[225] =



What is going on?

Why do we see a phantom component at +225 (28.1 Hz)?

Recall that N = 625 and powerline interference is at £400 (50 Hz)
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