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PROBLEM:

The diagram in Fig. 1 depicts a cascade connection of two linear time-invariant systems; i.e., the output of
the first system is the input to the second system, and the overall output is the output of the second system.

LTI LTI
&» System #1 yaln] > System #2 ‘—>y[n]
hl[n] hz[n]

Figure 1: Cascade connection of two LTI systems.

(a) Suppose that System #1 is a “blurring” filter described by the difference equation

6

yaln] =Y B*xIn — k],

k=0
and System #2 is described by the impulse response
hz[n] = §[n] — B&[n — 1],

where B is a real number. Determine the impulse response sequence, h[n] = hy[n] * hy[n], of the
overall cascade system.

(b) Obtain a single difference equation that relates y[n] to x[n] in Fig. 1. Give numerical values of the
filter coefficients for the specific case where 8 =
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We need to compute i [n] * hy|n], and we start with hy|n] = 8[n] — Bé[n — 1]. Therefore,

hinl*halnl = hilnl* (8ln]l — (B)dln —11)
= hnl*3d[n] = (B)hiln]+Sln — 1] = hyln]— Bhi[n — 1]

We get the following partial expressions as
6
hinl = > Bsln—kl

k=0

6
Bluln—11 = 3 p*1sln—k—1]

k=0

which results in

6 6
hilnlxhyln] = > poln—kl =3 g8 —k—1]
k=0 k=0
6 7
= > poln—kl=>_ Bsln—k
k=0 k=1
6 [§]
= dlnl+ (Zﬁ*ﬂn—ﬂ—[ﬁ"a[n—kl) — B75ln—7]
k=1 k=1

= Slnl—B'8In—17]

(b) Now we can use convolution to write a general expression that relates y[n] to x[n]:

ylnl = (hilnl* ha|n]) * x[n]
= (8ln] — B'8ln —71) xx|n|
8|n| * x[n] — B’8|n — 7] = x|n|
= xln]— B'xln—"T]

If 8 = 0.5, then| y|n| = x|n] — 0.0078125x|n — 7].
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