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DISCRETE-TIME SIGNALS

@ Unit sample or “impulse”:

d[n] = 1, n=
= 0, n#0
@ Unit step:
uln] = 1, n>0
= 0, n<O0

o Exponential sequence:
x[n] = Aa"
o Sinusoidal sequence:
x[n] = Acos (wn + ¢)
o Complex exponential sequence:

x[n] = Ae/"
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Discrete-time System:

ylnl = T{x[nl}

Important class of systems: Linear and Time Invariant (LTI):

o Linearity:

T{axi[n] + bxa[n]} = aT{x1[n]} + bT{xz2[n]}
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DISCRETE-TIME SYSTEMS
Discrete-time System:

ylnl = T{x[nl}

Important class of systems: Linear and Time Invariant (LTI):

o Linearity:
T{axi[n] + bxa[n]} = aT{x1[n]} + bT{xz2[n]}

@ Time-Invariant:

if y[n] = T{x[n]}
then y[n—no] = T{x[n— nol}

Important property of LTI:

ylnl = 3o x[k]hln — K]
= x[n] x h[n]



STABILITY AND CAUSALITY FOR LTI

Necessary and sufficient conditions for:
o Stability:

PORLLIEES

n=—oo



STABILITY AND CAUSALITY FOR LTI

Necessary and sufficient conditions for:
o Stability:
oo
> |hln]| < oo
n=—o00

o Causality:
h[n] =0, for n <0
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DISCRETE-TIME FOURIER TRANSFORM, DTFT

Discrete-Time Fourier Transform pair:

@ Direct: -
X(w)= > x[ne "
o Inverse: 1
- X jwn
x[n] . /_7r (w)e*“"dw
Example:

A0t o 2 Aef?5(w — wp)
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DTFT PROPERTIES

e Fourier transform is complex:

X(w) = Xi(w)+jXi(w)
= [X(w)]eX)

o Fourier transform is periodic with period 27:
X(w+27) = X(w)
e For real valued sequence x[n]:
X(w) = X*(—w)
e Energy of a signal (Parseval theorem):

> Wl =5 [ X

n=—oo



UNCERTAINTY PRINCIPLE

Given a signal x[n] we define as:
@ Duration of the signal:

(e 9]

D(x) = (n—n)|x[n]>

n=—0o0

o Bandwidth of the signal:

B(x) = /W (w — 3)2|X(w)[2dw

where - )
= D oo NIx[n]|
= [T wlX(w)Pdw
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UNCERTAINTY PRINCIPLE

Given a signal x[n] we define as:
@ Duration of the signal:

(e 9]

D(x) = (n—n)|x[n]>

n=-—o00
o Bandwidth of the signal:

B(x) = /W (w — 3)2|X(w)[2dw

—T

where
A= >l onlx[n]?
o = [T wXw)|Pdw

Uncertainty Principle states that:
D(x)B(x) >1/2



HILBERT TRANSFORM

For a real signal x[n], we form the analytic signal:
sln] = s[n] + jsi[n]
where s.[n] = x[n]/2 and
Si(w) = H(w)S, ()
where H(w) is referred to as Hilbert transform:

Hw) = —j 0<w<m
= j —m<w<0



INSTANTANEOUS AMPLITUDE AND FREQUENCY

The analytic signal may be written as:

s[n] = A[n]e/ll
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INSTANTANEOUS AMPLITUDE AND FREQUENCY

The analytic signal may be written as:

s[n] = A[n]e/ll

@ Instantaneous amplitude:
Aln] = [s[n]]
@ Instantaneous frequency:

ol = 0D |y

where
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7Z- TRANSFORM

z-Transform pair:

@ Direct:



7Z- TRANSFORM

z-Transform pair:

@ Direct:
D

X(z) = Z x[n]z™"

n=—o0
@ Inverse:

x[n] = 2:rjfi:X(z)z"ldz



7Z- TRANSFORM

z-Transform pair:

@ Direct:
D

X(z) = Z x[n]z™"

n=—o0
@ Inverse:

x[n] = 2:rjfi:X(z)z"ldz



7Z- TRANSFORM

z-Transform pair:

@ Direct: -
X(z) = Z x[n]z™"
@ Inverse: 1
- = X nfld
x[n] 27rj£ (2)z"*dz
Example:

1
1 a1 |z| > |a|

a"uln] <



Z-TRANSFORM: RATIONAL FUNCTIONS

Usually:

_P@) _ , IL (- ez ) T2 (1 - bez)
Q(2) [T (1 — ez ) TTies (1 — di2)



Z-TRANSFORM: RATIONAL FUNCTIONS

Usually:

P(2) _ - Ilia (1= 3z ) [T (1 = be2)

X(z) = =
) Q(z) [Tesy (1 — ez D) IIR% (1 — dkz)

No repeated poles, no poles outside the unit circle:
N;

1—cz
k:l k
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EIGENVALUES, EIGENFREQUENCIES, AND
EIGENFUNCTIONS

If x[n] = e/“°", then
y[n] = H(wo)x(n]

where H(w) is referred to as frequency response:

o0

Hw)= Y _ h[kle

k=—0c0

while H(z) is usually referred to as system function or transfer
function



CONVOLUTION THEOREM

x[n] «— X(w)
h[n] «— H(w)

and if: y[n] = x[n] x h[n], then:

Y(w) = X(w)H(w)



EXAMPLE OF CONVOLUTION

] X(@)
1e A2n
HRRGEEN
- P n - |<2_n,| T ®
B
1Q L/H(O)K
n —T 15 w
Y
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WINDOWING (MODULATION) THEOREM

x[n] — X(w)
wln] «— W(w)

and if: y[n] = x[n]w[n], then:

Y(w)



EXAMPLE OF MODULATION

x[n] [X(w)|
L[] ] L]
i - T

P

win] [W(w)|

14 [W(O)|

/\ | / \ |
- b

1__y[n] B W(o)yP [Y(w)|
j-—] i b
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DIFFERENCE EQUATIONS

In time:
N M
yln] = Zak)/[”* K] +Zbkx[n— K]
k=1 k=0
In z-domain:

Z/Iy:o brz=k
H(z) > -
1- Z —1 dkZ
Ay a0z ) L0 (1-b2)

N
[l (1—cz™?)



MAGNITUDE-PHASE RELATIONSHIPS

@ Minimum, Maximum and Mixed-phase systems
H(z) = Hmin(2)Hmax(2)
@ Minimum-phase and All-pass system

H(z) = Humin(2)Aa1(2)



MAGNITUDE-PHASE RELATIONSHIPS

@ Minimum, Maximum and Mixed-phase systems
H(z) = Hpin(2) Hmax(2)

@ Minimum-phase and All-pass system
H(z) = Hmin(z)Aan(z)

Note that

m m
Z |hmin[”]|2 2 Z |h[””2a m <0
n=0 n=0



EXAMPLE OF MINIMUM AND
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FIR AND IIR FILTERS

o FIR:
hln] £0, 0<n<M

o IIR: "
h[n] = ZAkc,’(’u[n]
k=1
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DISCRETE FOURIER TRANSFORM

Discrete Fourier Transform, DFT, pair:

@ Direct:
N-1 ,
X(k) =Y x[nle Wk 0<k<N-1
n=0
o Inverse:

N—-1
1 2
ol =+ Y " X(K)T 0<n< N1
k=0



DISCRETE FOURIER TRANSFORM

Discrete Fourier Transform, DFT, pair:

@ Direct:
N-1 ,
X(k) =Y x[nle Wk 0<k<N-1
n=0
o Inverse:

N—-1
1 2
ol =+ Y " X(K)T 0<n< N1
k=0

Parseval theorem:

N-1

N-1
S Il = 1 3 IXIKIP
k=0

n=0
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ANALOG TO DIGITAL AND DIGITAL TO ANALOG

sin(x)/x
Interpolation
Sampling
. Sequence
Xq(t) 5 Xp(t) Impulfg Train| | x[n] Do y[n] - Yp(t) J:l Va®)
Saiishce Time System Impulse
q Train _% Q
- 2 2
p(t) = X3(t-kT)
oD\
—Qn | Qy Q 27!: -Qy | Qn 2n Q —27: -7 —Qy ‘ Qy Q
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Xpnuotodotnon

To mapov ekmalSeUTIKO UAKO £xelL avamtuxBei ota mAaiola Tou
ekmaldeutikol £pyou Tou Stédokovta.

To épyo «Avoikta Akadnuaikd Madnpata oto Naveniotipo Kptneg»
£XEL XPNHATOSOTAOEL LOVO T avadLlapopdwaon Tou eKmalSeUTIKOU UALKOU.

To £pyo uloroleital oto mAaiolo Tou Emixelpnotakol Mpoypdupotog
«Exmaideuon kat Al Biou MaBnon» kat ouyxpnuatodoteital oo tnv
Evpwnaikn Evwon (Eupwmaikd Kowvwvikd Tapeio) kat amnod eBvikoug
ndépoug.

:‘ % *2 E&ir}'mevm‘m AIA‘ ém MAeleH EznA
* * - -

YNOYPTEIO N KAl BPHEIKEY
EvpwnaikiBvwon  EATKH YITHPELIA ATAXELF L
OO el .. i v e EMGSa kar iixiic Evwone
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Znpeiwpa aderodotnone

« To r(apov UAWKO SlatiBetal pe ToUg 6poug TNG aéstaq xpnonq Creative Commons Avadopd, Mn
Epmopikn Xpnon, O)(L MNapdaywyo Epyo 4.0 [1] i petayevéatepn, AleBVAG EK600n EEaLpouvtaL
TOL AUTOTEAN €pya TpiTWV TL.X. Pwrtoypadieg, Staypaupata KA., Ta onoia EUNEPLEXOVTAL OF
QUTO KaL Ta omoia avadEépovtat Hadl e Toug 6POUG XPHONG TOUG 0TOo «Znueiwpa Xpriong Epywv
Tpitwv».

[1] http://creativecommons.org/licenses/by-nc-nd/4.0/ @

* Q¢ Mn Epropukn opiletal n xprion:
— 1ou 8ev mepAapPAaveL AUECO 1) EUUECO OLKOVOULKO OdENOG QT TNV XProN TOU £pyOU, yLa TO Slavopéa
Tou épyou Kot adelodoxo
— mou Sev mepAapPavet otkovoptkr cuvaAlayr wg mpolndbeon yia tn xprion fi tpdopaacn oto £pyo
— Tou 8ev mpoomopilel oTo Slavopéa Tou £pyou Kal adelo80X0 EUUETO OLKOVOULKO OdeNOG (TT.X.
Sladnpioelg) anod tnv mpoPoAr Tou £pyou oe SLadKTUAKO TOTO

e O 8wkalolUyog Hrmopel va mapExet otov adelo80xo EexwpLotr dSeLa va XpNOLUOTIOLEL TO £pyO0 Yo
EUTOPLKA XPHoN, EpdooV auTo Tou INTnOEL.



Znueiwpa Avadopac

Copyright Navemiotrpo Kpntng, ZtuAiavou lwavvng. «Wnolakn Eneéepyacia
Qwvng. Wnoakn Enefepyaoia Inpatog». Ekdoon: 1.0. HpdakAelo/PEBupvo
2015. AlaBéoo amo tn diktuakn dtevBuvon: http://www.csd.uoc.gr/~hy578



Alatipnon ZNMELWHATWVY

Onoladnmote avanapaywyr n Sltaokeun Tou UAKoU Ba TipEmeL
va oUPTIEPAQUBAVEL:

= 10 Inueiwpa Avadopag

= 10 Inueilwpa Adeloddtnong

= 1Tn 6nAwon Alatnpnong ZNUELWUATWY

= 10 Inuelwpa Xpnong Epywv Tpitwv (edpodoov umtapxel)

pall pe Toug cUVOSEUOUEVOUG UTIEPOUVOEGHIOUC.



2npeiwpa Xpnoneg Epywv Tpitwv

To Epyo auTto KAVEL Xprion Twv akoAouBwv Epywv:

Ewoveg/Zxfuata/Aaypappata/Pwroypadisg

Ewdvec/oxnuata/Saypaupata/pwtoypadieg mou nepLExovtal 0 aUTO TO apXelo Tpoépxovtal amnod To
BuBAio:

TitAog: Discrete-time Speech Signal Processing: Principles and Practice
Prentice-Hall signal processing series, ISSN 1050-2769

Suyypadéac: Thomas F. Quatieri

Ek&0tng: Prentice Hall PTR, 2002

ISBN: 013242942X, 9780132429429

MéyeBog: 781 oehibeg

KaL avarnapdyovtal LeTtd and ddela Tou ek8oTN.



	template_ΗΥ578
	template_ΗΥ578



