Lecture 5

Digital Signal Processing

Chapter 4

Fourier transtorms of analog and digital signals






Transforms in Digital Signal Processing

Analog signals

e Fourier transform of analog signals, FT (Laplace transform)

Discrete signals (sampled, digital signals)

e Fourier transform of digital signals, DTFT, chapter 4
* Discrete Fourier transform (DFT, FFT), chapter 7

e z-transform of digital signals, chapter 3.

Fourier series expansion

e Fourier series expansion of periodic signals



Fourier transform (page 236-238)

Fourier transform of analog signals

0 Convergence if x(t) is stable:
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Fourier transform of discrete signals, DTFT (page 251)

X(f) _ i x(n)e‘jznfn Convergence if x(n) is stable:
— ) ()] < oo

X(w) = Z x(n)e‘j“”” [where w = 27t f]
n=-—00

x(n) = J2 X(f)el?™"df = —" JT( X(w)el“" dw
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Compare the z-transform and the Fourier transform.

Important:
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EX: lllustration of the Discrete-Time Fourier transform
(A similar illustration can be done for the continuous case)
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Ex: when the length of the signal Is 8, I.e. calculate X(0),
X(1/8), X(1/4) and X(1/2), when f;, = 4
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So we got the following;

X(0) = 0

X(1/8) = 0
X(1/4) = 8
X(1/2) = 0
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Let us take a similar example in Matlab where N=32,;

N=32; x=exp(i*2*pi*d/4*(0:N-1));
figure,stem(linspace(-0.5,0.5-1/N,N),abs(fftshift(fft(x,N))))
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Let us

N=32;

figure,

take a similar example in Matlab where N=32;

xzexp(-i*Z*pi@(O:N-l));
stem(linspace(-0.5,0.5-1/N,N),abs(fftshift(fft(x,N))))
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Let us take a similar example in Matlab where N=32,;

N=32; x=sin(2*pi*1/4*(0:N-1));
figure,stem(linspace(-0.5,0.5-1/N,N),abs(fftshift(fft(x,N))))
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sinc function
olef

0/Sin(iftx)

sinc(x) =
TX

where

sin(7tx) 1

lim
x—0 T(X
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Fourier transform of rectangular pulse (page 257-258)

Analog rectangular pulse (rectangular window)
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The amplitude function |

IX(P) = T-sire(TF)

EIR)| of the signal x(t).
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Discrete rectangular pulse (rectangular window)
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The signal x(n) for N = 4.
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| ()
The amplitude function |I§@| of the signal x(n).
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Observe that X(w) is periodic with the period f =1 or w = 2.
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Example of transforms (DTFT)

Discrete signal:
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Time shift:



Convolution becomes multiplication:

p(n) = h(n) »x(n) = ) _x(k)h(n—k)
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Appendix

Show the Fourier transform

olef
xinverse(n) : J: X(w)ejwndw /
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Show the Fourier transform
Given:

Delw

Hlw)= 1 -0.5e7@

Show:
1 Tt
— J H(w)dw =1
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Show the Fourier transform

Given:
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Show the Fourier transform numerically

In Matlab:

>> N = 1001;

>> w = linspace(-pi, pi, N);

>> dw = 2%pi/(N-1);

>> H = 2%exp(1j*w) ./ (1-0.5%exp(-1j*w));
>> sum(trapz (H)*xdw/2/pi)

ans =

1.0000 - 0.00001

L-JH H(w)dw

271 -
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