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Discrete Fourier Transform
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» Continuous time transforms
B Fourier Theorem
B Continuous Fourier Transform
B Discrete Time Fourier Transform (DTFT)

B z-transform

» Transformation for finite duration sequences
B Discrete Fourier Transform (DFT)

B Discrete Cosine Transform (DCT)



Roots of the unit circle

k L N f the uni
WN — e N roots of the unity

ISP — DFT and DCT

0<k <N-1

®
$
v 7S

The N-th root of the unity



DFT and z-Transform
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¥ It corresponds to sample the z-transform, X (z), in
N points equally spaced on the unit circle

DFT
z plane

DTFT



DFT
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X(k)=+

x(n) =+

0<k<N-I

altrove

Analysis

Synthesis



DFT

Magnitude of the DTFT
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DFT
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Magnitude of the DFT: N=4
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DFT of a 4 points sequence. The DFT is a sampling of the DTFT




Padding
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r We add some zeros to the previous sequence

x(n)=[1111000 0]

» This operation is named zero-padding

» It is needed to obtain a dense spectrum



DFT
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Magnitude of the DFT: N=8
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DFT after zero-padding
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High density spectrum
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r We consider the following signal

x(n) =co0s(0.487m) + cos(0.527m)

signal x(n),0 <==n<=9
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High density spectrum
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signal x(n), 0 <=n <=9 + 40 zeros
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Increasing the points ...
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signal x{n), 0 <= n <=9 +90 zeros
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High resolution spectrum
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signal x{n), 0 <= n <=99
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To obtain an High Resolution Spectrum we increse the sampling points of the source
sequence. The estimated frequencies corrispond to the frequencies of the analyzed
signal.



Discrete Cosine Transform

¥ The Discrete Cosine Transform (DCT) is very similar
to DFT but in real domain

¥ DCT is used for feature extraction
# data decorrelation
B low loss compression
e the basis functions are orthogonal

B it is symmetric
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1D DCT
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0<k <N-1 monodimensional signal

N-1
X(k)=a(k)) x(n) cos( 7(2n+ Dk j Analysis
n=0 2N
~ w(2n+1)k
.X(n) = Z Ol(k)X(k) CO S( j Synthesis
k=0 2N
% Se k=0
a(k)=-
% Se k#0
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1D DCT
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0<n<N-1 bidimensional signal
0 <m < N-1
Analysis
e 7z(2i+l)nj (7[(2j+1)mj
X(n,m)=an)a(m x(Z, j)cos COS
(n,m) ()();]Z;‘(])(zN v
Synthesis
N-1N-1 . .
x(i,j) = ZZa(n)a(m)X(n,m) cos( (2 Dnjcos( 2]+ l)m)
n=0 m=0 2N 2N
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DFT vs DCT

DCT provides the spatial
compression, able to detect
changes of information between
contiguos area avoiding the
repetitions



