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Discrete-Time Processing of Continuous-Time Signals

Discrete-Time
System
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Linear Time-Invariant (LTIl) Discrete-Time Systems

Y(e/®) =H(e/*)X(e’®)
Y,(jQ) = H, () H (/)X (e/97T)
w = QT

o1 T 2k
%GO = HGDH(E@) 2 Y X (0 —5)

k=—o0

If X.(jQ) = 0 for |Q] = m/T, then the ideal low-pass reconstruction filter H,-(j) cancels the factor
1/T and selects only the term in above equation for k=0, i.e.;

v () = H(e )X (), 10l <n/T
r o, Q| > /T



Linear Time-Invariant (LTIl) Discrete-Time Systems

Thus if X.(jQ) = 0 for |Q| = /T is bandlimited and the sampling rate is above the Nyquist rate, the
output is related to the input through an equation of the form
H(e/7T), Q| < /T

Y, () = Horr X (jQ) Herr(GQ) = {0 Q| > /T
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Impulse Invariance

Continuous-Time LTI
System
xc(t) he(t), H.(jQ) Ye(t)

Continuous-Time LTI System

Discrete-Time
System

h[n], H(e/?) yr() = yc(8)

Heff(i-Q) = Hc(j'Q)

Equivalent system for band-limited inputs
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Impulse Invariance

H(ej“’) =H.jw/T), lw| < m
H.(jQ) =0, Q| = /T

hin] = Th.(nT)
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Continuous-Time Processing of Discrete-Time Signals

(00)

sin(n(t ; TlT))
Xe(t) = Z WL oy

n=-—oo

(t — nT))

sm(
ve(t) = Z yin n(t — nT)/T

X.G) =TXx(e/7), Q| <n/T

Y.(iQ) = H.GOX.(jQ), Q| <n/T Y(e/®) = %Yc(ia)/T), lw| <7



Continuous-Time Processing of Discrete-Time Signals

Continuous-Time

System
he(t), H.(GQ)

H(e/®) = %Hc(ja)/T), lo| <7

H.(jQ) = H(e/), |Ql <=m/T
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