ECE 346: Digital Signal Processing Spring 2021
Soo Min Kwon Week of March 22, 2021

Recitation #7: Z-Transform, IIR and FIR Filters

Objective & Outline

e Problems 1 — 4: recitation problems

e Problem 5: self-assessment problem

Welcome back! I hope everyone had a nice Spring break and is now ready to tackle the rest of this
semester. Below are a few random important points on FIR/IIR filters in case you forgot:

e In the real world, we cannot always implement ideal filters. Instead, we can approximate an
ideal filter by an infinite impulse response (IIR) filter that can be described by a difference
equation.

e A causal filter is one in which h[n] = 0 for all n < 0.

e An LTI system can be expressed a constant coefficient difference equation (CCDE) when-
ever the z-transform of that impulse response can be expressed as a rational function to two
polynomials in 2!
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e The z-transform of an FIR filter is simply a sum of finite terms.
e A casual FIR filter only has poles at z = 0 and z = oo.
e In an FIR filter, the location of the zeros help up interpret the frequency response of the filter.

— The closer to zero is to the unit-circle, the more attenuated our frequencies are in the
direction of the zero.

Note that you can also find a short note on the region of convergence (ROC) of z-transforms on
Canvas. The problems start on the following page.



Problem 1 (Z-Transforms). Recall that the z-transform “analysis” equation is given by

X(z) = Z x[n]z™".

n=oo

Determine the z-transform for each of the following sequences:

(b) za[n] = —gu[-n — 1]
(c) z3[n] = smuln — 2]
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Problem 2 (A Harder Z-Transform Problem). When the input to an LTI system is

2[n] = G)nu[n] + 2u—n — 1], (3)

the output is

yln] = 6 @)n uln] — 6 <i>n uln]. (@)

a) Find the z-transforms of z[n] and y[n]. Write them as ratios of factorized polynomials in z~!.

(a)

(b) Find the system transfer function H(z).

(c) Plot the poles and zeros of this function and indicate the region of convergence (ROC).
)

(d) Is the transfer function H(z) stable? Is it causal? Explain why or why not.



on\olew‘. 1~
(a)  xCul -~ (T),)“ w(lwl + 2™ ul-n-1]
(S _,_\/_/
)(a[lﬂ] X'\.EVD]

c Zlxtnt 0 Z A} e

X (2) ¢ Xa(z) = UGweaidy of 7= fvausfim

YR E ”?; (’;C)ﬂuCM ™
c LAY e = LURY = T

ne woo

R L N ek
\
==l v T-7;
st/ )
T N R P
- - /2 -
1= %/, 1- %
= \:l?,?“
X(%\-‘ Xo(3a) o+ )(b(?)
3 | _ | = "3/ 27!
l= 72" - 22~ (1= ha"")01-227") .
The Folﬂ of X(=2) are
fnler= {'/z B 21(
/ S
right - ided |ef] - rided

avA S0 He  ROC UL Lok ke

l/z_ <lzal« 2.



levJ: é(-;,yﬂ lALV'_.] = L(%)m MEM]

&/\/_/ ——— —

ljlt"”] \J?EW]
(=) ;m y.Cul 277 N (2) =Wiu yalwd 27"

Z (i)™ - L otd) e

e UE) S0 (FY

b = &
- 72 - %z

Tle) = ) r X (%)

Sz
(I'LL?’")(I’ Tz)

ru,r}wq cve

Tu- plo of  Has

roléf

-1 n,

Yo §

SIVJL( ‘Huj ave Loth VI7IM‘IIJM/; Hoe wc./(c'mo'.w7 vegim would L

avd (o
Y(z) = -5z ,
(1 ) (- %)
() H(z) = Xlz)
X (=2
- e
(l%‘q({- Tz)
.'3//2/;:4
(- K701 22
(O HI(=) | - 12" -2
| = Yy 2 - 2/'-[
F\:l!.\' B { 3/'{)

Tewos L

3

lzl> /4.

= | - 22~

[- Y4 ¢ .

Ja-l 7 ¥+,



For  the RocC ., we  have o r;uﬁlc Falz at
7/ -
U aud & ree al 2. Swee Hie RocC forr

e
N

\,/q.L \f(’t’) it Hie ‘:m"'tvr(c“om O‘F Fhe RoCs {e\,
j X(x) aud HI2) . we bhae o] 20 £y fle
\ PO(_ "c )’((t) ar well.
Lxl> ¥g.

(A) S\er e bamber  Pruction har all sler Tnride Hee  wnltb Grele and the [goC
xtuds fawa the laqtr} T.le N el He cyrteuvm s Coucal aud  clntic.

]F you ot A havd  Hwme v:udlwﬁuélluﬂ thi, velee = e EOF votesr oun
ROCr.



Problem 3 (FIR and IIR Systems). Consider a DT LTI system with transfer function defined by

0752724+ 271 -1
H(Z) = 1 _ 22_]_ (5)

(a) Is this system an FIR or an IIR system?
(b) Draw a pole-zero diagram for this system.

(c) Specify the ROC of this system under the assumption that the DTFT of its impulse response
exists.

(d) Mathematically express the DTFT of this system.
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Problem 4 (FIR and IIR Systems). Consider a DT LTI system that is an ideal highpass filter with
cutoff frequencies § and :

Hie )

- 'n/Z F/z I

(a) Is this system an FIR or an IIR system?
(b) Find the impulse response of this filter, h[n].

(c) Is this filter a causal or non-causal system?
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Problem 5 (Self-assessment). As usual, try to work on these problems together in break-out rooms.
1. Consider an FIR filter with impulse response

1

3 =0,1,...,5

Wnj=q3 " (6)
0, otherwise.

How many addition and multiplication signs for each n are needed in order to produce a
filtered output y[n| = z[n] * h[n] for an arbitrary input x[n]?

2. Suppose that the transfer function of a filter is given by

1— 272

H(z) = 1_9,4 (7)

(a) How many poles and zeros does this transfer function H(z) have?

(b) Suppose that the DTFT of h[n] exists. What does this mean in terms of right, left, or a
two-sided sequence?
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