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Τύποι Μετασχηματισμού Fourier
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Πανόραμα Μετασχηματισμών Fourier
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4 Σχέσεις Μετασχηματισμών Fourier
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ANALOG SIGNAL PROCESSING

-Temperature variations
-Component aging
-Power-supply variations
-Component accuracy

have to be considered.
The resulting circuit:

-Has low noise immunity
-Requires adjustments
-Is difficult to modify
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6 BASIC DIGITAL SIGNAL PROCESSING ALGORITHMS

Digital Signal Processing is the arithmetic processing of
real-time signals sampled at regular intervals and
digitized.

FILTERS
Example:
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DIGITAL SIGNAL PROCESSING
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Digital Signal Processing System
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Why Digital Signal Processing?

Because:
Digital computers are inexpensive
Advantages:
• Greater flexibility (adaptive filters easily implemented)
• Self-test can be built-in
• Perfect reproducibility
• Guaranteed accuracy
• High noise immunity and power supply rejection
• No drift
• Superior performance
• Time-sharing possibility
Disadvantages:
• Speed
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Digital Signal Processing
is related to many other areas of science, engineering and 

mathema6cs:
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Summary of key DSP operations

(1) Convolution: Given two finite length sequences, x(n) and h(n), of 
lengths N1 and N2 ,respectively, their linear convolution is 

where M=N1+N2-1
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(2)  Correlation:
Given two N- length sequences, x(k) and y(k), with zero means 

an estimate of their cross-correlation is given by

where             is an estimate of the cross-covariance and defined as
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(3) Filtering: The equation for finite impulse response (FIR) filtering is 

where x(k) and y(k) are the input and output of the filter, 
respectively, and h(k), k=0,1,…,N-1, are the filter coefficients.

(4) Discrete Fourier transform:
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Analog: Continuous 
Time & Continuous 
Amplitude

ΤΥΠΟΙ ΣΗΜΑΤΩΝ

Sampled: Discrete 
Time & Continuous 
Amplitude

Digital: Discrete Time & 
Discrete Amplitude
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Δειγματοληψία è Ακολουθίες (Sequences)
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BASIC SEQUENCES

4Unit sample of Unit impulse sequence

4Unit step sequence
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4Constant sequence

4Linear sequence

( ) Anx =

( ) Annx =
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0<a<1

–1<a<0

a>1

a<-1

Exponential

( ) nanx =
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r=1

r<1 r>1

( ) nanx =
wjrea =
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SHIFTED SEQUENCES

4Shifted sample sequence:
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Examples:

TRANSFORMATION OF THE INDEPENDENT VARIABLE (TIME)
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4Shifted Unit Step sequence:

( )
þ
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nnu

i.e. where the argument of u( )
is zero or positive.

Examples:

TRANSFORMATION OF THE INDEPENDENT VARIABLE (TIME)
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4Pulse: ( ) ( ) ( )Nnununp --=

4Unit sample (impulse):

( ) ( ) ( )1--= nunund
i.e. δ(n) is referred to as the first-order difference of u(n).
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Άσκηση

Να εκφράσετε τον παλμό διακριτού χρόνου p(n) ως συνδυασμό
βηματικών ακολουθιών
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Λύση 1

Η ακολουθία p(n) μπορεί να εκφραστεί ως διαφορά δύο βηματικών
ακολουθιών, από τις οποίες η μία είναι ολισθημένη ως προς την άλλη κατά
4 μονάδες (δείγματα). Έχουμε, δηλαδή,

p(n) = u(n) – u(n–4)
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Λύση 2

p(n) = δ(n) + δ(n–1) + δ(n–2) + δ(n–3)

δ(n)   = u(n)   – u(n–1)
δ(n–1) = u(n–1) – u(n–2)
δ(n–2) = u(n–2) – u(n–3)
δ(n–3) = u(n–3) – u(n–4)

Προσθέτοντας κατά μέλη καταλήγουμε και πάλι στο ίδιο αποτέλεσμα
p(n) = u(n) – u(n–4).
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Δεδομένου ότι x(n) δ(n) = x(0) δ(n) και γενικά x(n) δ(n-n0) = x(n0) δ(n-n0)    

Η σχέση αυτή γίνεται:

x(n) = x(-2) δ(n+2) + x(-1) δ(n+1) + x(0) δ(n) + x(1) δ(n-1) + x(2) δ(n-2)
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Κάθε ακολουθία μπορεί να εκφραστεί ως σταθμισμένο άθροισμα 
ολισθημένων μοναδιαίων κρουστικών.

€ 

x n( ) = x m( )
m=−∞

∞

∑ δ n −m( )
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SHIFTED SEQUENCES

TRANSFORMATION OF THE INDEPENDENT VARIABLE (TIME)

DELAYED

ADVANCED
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TRANSFORMATION OF THE INDEPENDENT VARIABLE (TIME)

SHIFTING & FOLDING

STEP 1: SHIFT (DELAY or ADVANCE)

Important: The operaCons of folding and shiJing are NOT commutaCve ! 

STEP 2: FOLD (or REFLECT)
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TRANSFORMATION OF THE INDEPENDENT VARIABLE (TIME)

TMESCALING

or

DOWN-SAMPLING
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TRANSFORMATION OF THE INDEPENDENT VARIABLE (TIME)

TMESCALING

or

DOWN-SAMPLING

(Matlab demo)
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ΣΥΜΜΕΤΡΙΑ ΣΗΜΑΤΩΝ ΔΙΑΚΡΙΤΟΥ ΧΡΟΝΟΥ
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ΕΝΕΡΓΕΙΑ & ΙΣΧΥΣ ΣΗΜΑΤΩΝ ΔΙΑΚΡΙΤΟΥ ΧΡΟΝΟΥ
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ΠΕΡΙΟΔΙΚΟΤΗΤΑ ΣΗΜΑΤΩΝ ΔΙΑΚΡΙΤΟΥ ΧΡΟΝΟΥ
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Περιοδικές ακολουθίες
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• • • • • •

•• • • • •

• • •

(a) Sequence of period 6
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(b) Sequence of period 8
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(c) Sequence of period 3
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https://www.youtube.com/watch?v=AhoeYb6Qq2c
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