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DFT
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Discrete Fourier Transform (DFT)

DFT pair

where
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ΦΑΣΜΑ ΤΡΑΙΝΟΥ ΚΡΟΥΣΤΙΚΩΝ
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ΦΑΣΜΑ ΤΡΑΙΝΟΥ ΚΡΟΥΣΤΙΚΩΝ
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Δειγματοληψία:

Πεδίο του Χρόνου
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Δειγματοληψία:

Πεδίο της Συχνότητας
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ΩΜ< Ωs - ΩΜ ή Ωs > 2 ΩΜ
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Η δειγματοληψία ενός περιοδικού φάσματος αντιστοιχεί σε ένα περιοδικό
σήμα διακριτού χρόνου.
Στην ουσία πρόκειται για τη συνέλιξη του σήματος x(n) με μια σειρά από 
συναρτήσεις δέλτα με περίοδο Ν, δηλαδή μια πράξη που δημιουργεί 
αντίγραφα του x(n) ανά Ν δείγματα.
Το απεριοδικό σήμα x(n) είναι πεπερασμένης διάρκειας L. Για την αποφυγή
του φαινομένου time-aliasing πρέπει N ≥ L.

Δειγματοληψία

Φάσματος
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Παράδειγμα Time-Aliasing
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Example:  x(n) = δ(n)
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Example
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Παράδειγμα DFT (N=32): x(n)=δ(n) 
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Παράδειγμα DFT (N=32): x(n)=δ(n-1) 
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ΙΔΙΟΤΗΤΕΣ 
DFT
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Παράδειγμα DFT (N=4): x(n) = δ(n) + δ(n-1) 
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Παράδειγμα DFT (N=4): x(n) = δ(n) + δ(n-1) + δ(n-2) + δ(n-3) 
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Παράδειγμα DFT (N=8): x(n) = δ(n) + δ(n-1) + δ(n-2) + δ(n-3) 
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Παράδειγμα DFT (N=16): x(n) = δ(n) + δ(n-1) + δ(n-2) + δ(n-3) 
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Παράδειγμα DFT (N=32): x(n) = δ(n) + δ(n-1) + δ(n-2) + δ(n-3) 
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Παράδειγμα DFT (N=64): x(n) = δ(n) + δ(n-1) + δ(n-2) + δ(n-3) 
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Example

where

or
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Time shifting 
affects phase only!
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Time shifting 
affects phase only!

Fourier
Magnitude

Fourier
PhaseImage
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FFT Interactive Demo: 2D Case

http://homepages.inf.ed.ac.uk/rbf/HIPR2/fftdemo.htm
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http://www.brainflux.org/java/classes/FFT2DApplet.html

FFT Interactive Demo: 2D Case
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Υπολογισμός Αντίστροφου DFT
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ΚΥΚΛΙΚΗ 
ΟΛΙΣΘΗΣΗ
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Circular shift of a sequence of 
finite length is equivalent to the 
linear shift of its periodic 
extension
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ΠΗΓΗ: Βιβλίο Γ. Π. Καφεντζή: “Επεξεργασία Σήματος Συνεχούς και Διακριτού Χρόνου - Μια πρώτη εισαγωγή”, Εκδόσεις Gutenberg, 2019
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Circular Convolution
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Linear 
Convolution
Example
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Linear Convolution via the DFT
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DFT
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The DFT in matrix format

WN=e–j2π/N is the Nth root of unity
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Example
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FFT
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https://youtu.be/nmgFG7PUHfo?t=929
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https://youtu.be/h7apO7q16V0?t=52
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https://www.youtube.com/watch?v=EsJGuI7e_ZQ
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Fast Fourier Transform (FFT)

however

or

thus

but
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Fast Fourier Transform (FFT)

however

or

thus

but
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Α. ΣΚΟΔΡΑΣ ΕΠΕΞΕΡΓΑΣΙΑ ΣΗΜΑΤΩΝ  (ECE-Y523) 76ΕΝΟΤΗΤΑ A

8-point FFT
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8-point FFT (an alternative butterfly notation)
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8-point DIT FFT flowgraph
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In-place computation 
means storing the 
results back in the 
original data locations.

In-place computation 
requires either input or 
output data shuffling.

Shuffling / Scrambling / 
Bit-reversal (for radix-2) / 
Digit-reversal (for any radix)
are all synonymous.
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Bit-Reversal
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Computational Complexity (complex multiplications)
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FFT is simply an 
efficient algorithm 
for computing the 
DFT !

FFT vs DFT

Number of complex 
multiplications
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FFT Decimation In Frequency (DIF) Algorithm
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FFT Decimation In Frequency (DIF) Algorithm
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8-point DIF FFT flowgraph
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16-point DIF FFT flowgraph
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16-point DIT FFT flowgraph
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https://www.youtube.com/watch?v=z7X6jgFnB6Y
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WINDOWING
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The FFT assumes 
periodicity of the 
window
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Windows or 
Weighting 
Functions

Rectangular 
window
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Process of 
transforming a 

cosine wave 
having an 

integer number 
of cycles in the 

window



Α. ΣΚΟΔΡΑΣ ΕΠΕΞΕΡΓΑΣΙΑ ΣΗΜΑΤΩΝ  (ECE-Y523) 97ΕΝΟΤΗΤΑ A

Process of 
transforming a 

cosine wave 
having a non-

integer number of 
cycles in the 

window
The leakage error comes 

about because the 
periods of the cosine 

wave are not 
harmonically related to 
window length, namely, 

there is a non-integer 
number of cycles in the 

window.

Windowing can cause 
leakage !
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Common data 
windows and 
their frequency-
domain 
parameters
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N=32

k0 = 4 k0 = 4

k0 = 4.2 k0 = 4.2

k0 = 4.4 k0 = 4.4

x(n) = exp(j2πnk0/N) x(n) = cos(2πnk0/N)
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k0 = 4.5 k0 = 4.5

k0 = 4.6 k0 = 4.6

k0 = 4.8 k0 = 4.8
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N  = input('Number of points = ');
k0 = input('Frequency = ');
n = 0:N-1;
x = exp(j*((2*pi)/N)*k0*n);

X  = fft(x);
XE = fft(x, 512);

Matlab code

k0 = 5 k0 = 5

k0 = 4 k0 = 4

% Plot the magnitude of X
L  = 0:511;
plot(L/512, abs(XE))
hold
plot(n/N, abs(X), 'o')
xlabel('Normalised angular frequency')
ylabel('Magnitude')
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https://www.youtube.com/watch?v=zKKGA30bHG0


