Discrete Fourier transform

Herman Kamper



—b

Sampling in time domain

Convert impulse train to

discrete-time sequence
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Getting to the DF

«” e Discrete signal: Periodic continuous spectrum (DTFT)

v~ e Discrete spectrum: Periodic continuous signal

e Discrete periodic signal: Both signal and spectrum discrete

e But what if your signal is not periodic? Just hack it: window and repeat

e Discrete Fourier transform (DFT): Discrete time and spectrum for arbitrary signals



Sampling in frequency domain

[} X(f)
% (convolution) >< (multiplication)
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Discrete Fourier transform (DFT)
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RECTANGULAR WINDOW
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DISCRETISE IN FREQUENCY c"
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Discrete Fourier transform (DFT)
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Inverse discrete Fourier transform (IDFT)

An N-point discrete periodic signal can be expressed as the sum of N complex
exponentials with discrete-time frequencies wy, = %
If you don't believe me: you've proved it already in the DFT. The discrete H[k] is given
by a sum of N complex exponentials. We are now flipping things.

So we know that we should be able to write:
N-1 '
h[n] — Z ck€]27rnk/N
k=0

with ¢ unkown. The goal is to find all the ¢ys.



Multiply the above queation by e 72™1/N on both sides, and take the sum over n:

N-1
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That last step looks strange but it comes from

N ifk=0,£N,£2N,...

N-1
3 oi2mkn/N _ {
n=0 0

which itself comes from the geometric series formula

otherwise

e N ifa=1
> -
1—a? if 1
n=0 l1—a ma 7&
So we have

N—-1 )
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= %H[kl]



If we plug this back into the equation where we started, we get the IDFT:

N-1
h _ i HIlk j2nnk/N
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How does the DF mess up?
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Windowing

) /\vf\vf\v/b\/\vf\/\ % |

(multiplication ) ( on)
@ Window
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Windowed signal
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