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Transformations for signal in discrete time

_
For Periodic signals ! For non-periodic signals

Stand. Fourier Transform (FT) Zeta Transform (ZT)

Fourier Series (FS)
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Generalized , Mathematically, it is not
Fourier Transform completely valid... or we need
(GFT) . other definition of Fourier

Transformation....



Standard Fourier Transform

Discrete Time Systems



Standard Fourier Transform

DEFINITIONS: (x[n] NO-periodic)

Analysis Equation: periodic with period 27‘(‘

Direct
time ==> freq.

Fourier Transform

Inverse

. Inverse Fourier Transform
freq. ==> time




Standard Fourier Transform

Important property:

X(Q) =X (Q+ 2m)

periodic with period 27‘(‘



Standard Fourier Transform

X(Q2) = X(Q+ 2m)
periodic with period 27T

This Is due to:
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Frequencies-“Omega” as an angle
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Standard Fourier Transform: example

Let us consider the following signal (signal with finite length):
r(—1] = 0.245, z|0l=-3, x|1]=2, =z[2|=-5, z[10]= 2y,

rln| =0 for any other n

The FT Is:

X () = 0.245¢7F — 3 4 2e7 78 — 52 | 97100



Signal with finite length

Let us consider a generic signal with finite length:

1 x[n]

Jul




Periodic “brother” signal

We construct the PERIODIC “brother” signal with period N:

[nll..... .

T x{n]

NOTE THAT (important): l

and specifically in
Va d

rin| = x|n| N <n <N

in the first-central period



We study the connection between FS and FT

We compute the FS of the PERIODIC “brother” signal with period N:

x|n] ™ xn]

%[hmm.ﬁ |

Expresamos la senal x[n] mediante su DTFS:

N, N, N n




Connection between FS and FT

Compare the two formulas:

ap = i :L‘[n]e_ = i :C[n]e_

nN——0=0 n——0oo

X (Q) = Z az[n]e_J

N=——00

we obtain:

] 27T
= — Ny = —
. NX(kQO) 0 N



Connection between FS and FT

Los coeficientes a, son muestras equiespaciadas de la senal X(£2)

27

donde 2, = N




Example
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Same example: more details of derivation

USEFUL FORMULAS FOR EVERY EXAMPLES/PROBLEMS:

1 L TNQ—N1+1 er TN2+1

Zr l—7r B 1l —r

'n,—Nl
\ N1 HERE IS NOT THE LENGTH

1=t OF THE RECTANGLE;
Z o= IT 1S JUST A GENERIC CONSTANT

Zfrz si|r| <1



Same example: more details of derivation

USEFUL FORMULAS FOR EVERY EXAMPLES/PROBLEMS

DT = WE WILL USE THIS FIRST FORMULA

Zfrz si|r| <1




Same example: more details of derivation

O
E x[n]e 7n

N=——0CC

N1
E : 1 B_an

n:—Nl
N1

Z Gk r=¢ 7"

TL:—Nl

X (0)




Same example: more details of derivation

X(Q) = Z x[n]e 7"
N1
= D (e r=e %
TL:—Nl

‘This is already the solution !
We could stop here



Same example: more details of derivation

.9
X(Q) = E x[n]e 7%n

TL2=——0CCO
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Same example: more details of derivation

e tiQUN1+35) _ o—iQN1+3)
X(€2) 5

: e
e/2 —e /2

27 sin (Q(Ny + 3))
27 sin (%)

S1n (%)




Let us consider a periodic “brother”

with period N

You already study and analyze this signal...



Let us consider a periodic “brother”

Using the analysis equation of the Fourier Series:

N N L2 LIA 'S 2N e LAY R Y JRQ0 N | —e ARG (2N +1)
o Nc Z"'"—O((" ) - ..'\'( 1—et kQ

1 sin[k(N,+1/2)Q0] 1 5111[)*1(\1%—1 2)/N]
N xmllQ“. 2) N sin(mwhk/N)




Let us consider a periodic “brother”

N sin (k%)

We can obtain it in other way? #

k+£0,N,2N, ...



Considering the non-periodic “brother”

Using the formula: @ = %X(kﬂ@)

in ( (N + 1))

S11 (%)

X () =

| sin (EQo (N; + 1))

N sin (5)

1
Al — NX(kQO) —




Questions?



