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Discrete signals

« Adiscrete signal x/n] results from the sampling of a continuous signal x.(t) with a
sampling period T (f; = %)
x[n] = x.(nT)

where n is an integer number
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« The sampling frequency must be higher than twice bandwidth of the continuous
signal (Nyquist theorem)
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Fourier transform

 We can define now the equivalent to the Laplace transform for discrete signals:
the Z transform

X(Z) = Xn=-wx[n]Z7"

 The Fourier transform of discrete signals is:

X(ej“)) =Y x[n]le /@
* Note that the FT is periodic with period 2n

* The Interval from 0 to 2 is equivalent to frequencies from —% (- m rad/s) to % (+1

rad/s)

 The ZT and the FT are instrumental in the analysis of LTI systems

In dicerete sveteme the delta fiinction (Kronecker’s delta) i defined as
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Digital filters

» Adigital filter is characterized through a discrete impulse response h[n]

« The output y[n] of a filter with impulse response h[n] and input x[n] is

y[n] = x[n] * h[n] = Y- _o x[k]h[n — k]

» |tis posible to rewrite y[n] and relate it to the frequency response

N M
ylnl = ) awyln—kl+ ) bex[n - k]
k=1 k=0
_ leyzo bz
H(Z) = 1-YN_ axzk

CLASES PARTICULARES, TUTORIAS TECNICAS ONLINE

Cartagenagg o aTeueis

ONLINE PRIVATE LESSONS FOR SCIENCE STUDENTS
CALL OR WHATSAPP:689 45 44 70

W CEU

WWW.C ageéga%% QN0 S P?r‘d’)m ,‘_“.C!“.F:IE ?*3 Randﬁm PrOCQSS?:S
i

Degree in Biomedical Engineering

Articulo 171

de S
Si la informa 'ﬁ% enida



Digital filters

» Finite impulse response (FIR) filter are those whose output only depends on the input
(|e ak:O)

* The impulse response is finite in time

M
yln] = ) bex[n— k]
k=0

H(Z) = XX o byz™*

h[n] = Xi=o bi8[n — k]

CLASES PARTICULARES, TUTORIAS TECNICAS ONLINE

Cartagenagg == " 0 =

ONLINE PRIVATE LESSONS FOR SCIENCE STUDENTS
CALL OR WHATSAPP:689 45 44 70

- CHEU !
WWW.C a'ge(;ga%% OM/NO § RPandom S]gnalﬁ: -3 Rardom Processss
i

Degree in Biomedical Engineering

Articulo 1771
Si la informacic

h er?i%



Digital filters

» For infinite impulse response (lIR) filters, the output is a function of the input and past
outputs (i.e. a; #0)

* The impulse response is infinite in time, since it depends on the last N outputs

N M
ylnl = ) apyln—kl+ ) bex[n— k]
k=1 k=0
_ leyzo bz
H(Z) = 1-YN_ axzk

h[n] = ¥i-; ary[n — k] + Xi=o b8[n — k]
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Digital filters

« Example of filter structures

wik)

FIR 1 —sample delay

biP} aiQ)
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Discrete random processes

 Given two w.s.s. discrete

random process X[n] and Y[n] = X[n] * h|n]

E[X[n]] =X

E[Y[n]] =

Yik=—oo hKIE[X[n = k]] =

X 2 h[k] = XH(e'®)
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Discrete random processes

Ryy[7] = E[Y[n]Y[n + 7]] = Xkl _o hlk] Y=o hlr]Rxx[T + k — 7]

Syy(w) = |H(ejw)|ZSXX((U)
Note the new

/ integral limits

1
Pyy = Ryy[0] = — [ Syy(w)daw

= = [T () S (@)do
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Discrete random processes

» Given If X[n] is a white noise, then
N
Ryx[t] = 705[n]

N
Sxx (w) = 70

No

Pyx = RXX[O] — By

l

Note that the power
of a discrete White
noise is not infinite

RYY —2 Zh k"‘T

k=—o0
Syy (@) = [H(e)*Syx (@) = |H(e/)|* 22
Pyy = Ryy[0] = Rxx[0] Xp-_o h[k]* =

Pxx Zlio:—oo h[k]z —

N 0o
?O Zk:—oo h[k]z —

(3) G 15 lH ()] do)
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Discrete random processes

« The time averages can be computed as

Alxnl] = Jim 2.5

Zk:—Lx[k]

R_xx|x[n]x[n + ]| = Lli_)rg)ﬁ}ji:%x[k] x[k + 1]
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SUMMARY

* Discrete signals

* Digital filters

* Discrete random processes
— Mean, autocorrelation, power spectrum
— LTIl systems

— Time averages
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