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Introduction

e Continuous-time signal
Implemented through a
sampling, discrete-time

orocessing can be
orocess of

processing, and

the subsequent reconstruction of a

continuous-time signal.
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Frequency-Domain Representation of Sampling

— i 5(‘[ _ nT) T : sample period; fs=1/T:sample rate
n=— Qs=27/T: sample rate

X (1) =x (1)s(t)=x () Y (t-nT)=3 x,(nT)5(t-nT)
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S(jQ)zzT—”kié(Q—kQS)

T : sample period; fs=1/T:sample rate;Q2s=27/T:sample rate
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Representation of X(ejw) in terms of X,(jQ) X (i)
X, (1) =x, (t)s(t)=x, (t)nié(t—nT):nioxc(nT)5(t—nT)

X,(j) = | X x.(nT)s(t—nT)e *dt

_ i X (nT)e_jQTn X[n]:Xc(nT)
K=—o0 QT =w
X (e1?) = i xc(nT)e_j”n = X (e
DTFT N=-o0

:xs(jg)leiXC(j(Q—kQS)) T

k=—c0



Representation of X(ejw) in terms of X,(jQ) , X (1)

X (e17) = X (e"7) =X, (i) = ZX( Q)
DTFT O=w/T Continuous FT
s 2T

if X, (jQ)=0, ng

- 1 . @
then X (@1?)=—X | |— w| <
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Nyquist Sampling Theorem

e Let X_(t) be a bandlimited signal
with x,(jo)=0 for|g>0, . Then X.(t) is
uniquely determined by its

samples x[n]=x.(nT), n=0£1,%2,...
QszzT—”zng

* The frequency €2, is commonly referred as
the Nyquist frequency.

* The frequency 2Q2 is called the Nyquist rate.
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Reconstruction of a Bandlimited Signal from
its Samples
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Discrete-Time Processing of
Continuous-Time S|gnals
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C/D Converter

e Output of C/D Converter

x{n]=x_(nT)




D/C Converter

e Output of D/C Converter

o0

yr(t)= Z y[n]sm( (t nT)/T)

~ a(t—nT)/T

Y,(iQ)=H,(jQ) ()

TY (e¥7) Q\<$
0, otherwise (jQ):J \Q\<$
0, otherwise
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Linear Time-Invariant Discrete-

Time Systems

|
: | Discrete-time
> C/D p——>» LTIsystem > D/C >
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T e
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Linear and Time-Invariant

e Linear and time-invariant system behavior
depends on two factors:

e First, the discrete-time system must be
linear and time invariant.

e Second, the input signal must be
pandlimited, and the sampling rate must
be high enough to satisfy Nyquist
Sampling Theorem.
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0, otherwise
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Impulse Invariance

- i Continuous-time
G IVen. —»| LTIsystem |———

() | R HGD) |y

Design: H(eM)<«=H,(jo). h[n]<=h(nT)

| |
: | Discrete-time :
> C/D p——>»| LTIsystem |——| p/C ' >
x () | x[n] | hlnl, He™) | y[n] v, () =y (1)
2T BRI e
(9) T xem) oHem) o ver) T (o)
Heg(j2) = H.(j ) ——“—.——'“ -
h[n]=Th,(nT | L H(EF), fof< <
=TRT) )= 1) ;
impulse-invariant version of the continuous-time system 0, ‘Q‘ = ?




Impulse Invariance
» Two constraints
{1_ H(ej”):HC(ja)/T), | < 7

2. T Is chosen such that Q. <7m/T

H

C

h[n.

The discrete-

(jQ)=0, |Q>7x/T

=Th, (nT)

time system is called an impulse-

invariant version of the continuous-time system

h[nl=h (nT joy_ Ly [ ;@
n]=h.("T) = x@)=1x.[i2]
h[n]=Th, (nT) = X(ej”)zxc(j$j o) <7



