Signal Processing First

Lecture 17
IIR Filters: H(z) and
Frequency Response
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LECTURE OBJECTIVES

» SYSTEM FUNCTION: H(z)(=—1
= H(z) has POLES and ZEROS

» FREQUENCY RESPONSE of IIR
= Get H(z) first

H(e’ C‘A’) = H(z)
= THREE-DOMAIN APPROACH
o H(z) o H (e’f’ )

z=e’”
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THREE DOMAINS

Z-TR OMAIN
PON(NOMIALS: H(z)

Use H(z) to get

Freq. Response -
/ Z=¢
{a,, b}
TIME-DOMAIN & FREQ-DOMAIN
< & SRy
=Y a,yln -0+ baln— k] - Xhbe
=1 k=0 H(ej“’) — k=0
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I—Za/e’f“’[
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H(z) = z-Transform{ h[n] }
= FIRST-ORDER IIR FILTER:
yn]=ayln —1]+ byx[n]
h[n]=b,(a,)" u[n]

b
H(Z):l . -1
—-az
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First-Order Transform Pair

az

h[n]=ba"un] < H(Z)ZI—L

=l

1/19/2004 2003, JH McClellan & RW Schafer

DELAY PROPERTY of X(z)

= DELAY in TIME<-->Multiply X(z) by z-*
x[n]e X(z)
xn 1]z X(2)
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Z-Transform of IIR Filter

= DERIVE the SYSTEM FUNCTION H(z)
= Use DELAY PROPERTY

|y[n] =ay[n 1]+ bx[n] +bx[n— 1]|

EASIER with DELAY PROPERTY i

Time delay of ny samples multiplies the z-transform by 27"

x[n = ng) — z7"™X(2)
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SYSTEM FUNCTION of IIR

= NOTE the FILTER COEFFICIENTS
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SYSTEM FUNCTION

= Given: DIFFERENCE EQUATION:
|y[n] =0.8y[n —1]+3x[n] —2x[n— 1]|
= READ the FILTER COEFFS:
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POLES & ZEROS

= Find the Poles and Zeros
= ROOTS of Numerator & Denominator

b, +bz"
_5%™H
H (Z ) — -1
l-az
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EXAMPLE: Poles & Zeros

= VALUE of H(z) at POLES is INFINITE

24277
H =
= 08"
Hz)=222ED g
1-0.8(1)
531 9
He =222 5 o
1-08C)" 0

1/19/2004 2003, JH McClellan & RW Schafer 21

POLE-ZERO PLOT

0.5\,
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1-0.8z -1 0 |
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FREQUENCY RESPONSE

» SYSTEM FUNCTION: H(z)(—1
= H(z) has DENOMINATOR
= FREQUENCY RESPONSE of IR

= We have H(z) a
H(e'")= H(z)
» THREE-DOMAIN APPROACH
h[n]< H(z) (—)H(eI)
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z=¢/"

FREQUENCY RESPONSE

= EVALUATE on the UNIT CIRCLE

H(e’*)= H(z)

z=¢/"
b[] + r"?[Z". 1
1 —az
!l((}.ft?_; _ h[] + blf—jm
' 1 — aje=Jjo
1/19/2004 ©2003, JH McClellan & RW Schafer

24

Frequency Response Plot
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Frequency (@) 2

UNIT CIRCLE

» MAPPING BETWEEN z and @

The Complex z-Plane
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EVALUTE H(z) EVERYWHERE

3-D VIEWPOINT: I}
r|
|
|

WHERE is
the POLE ?

UNIT CIRCLE

MOVIE for H(z) in 3-D

= POLES to H(z) to Frequency Reponse
= TWO POLES SHOWN

.

—— cepee -
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Frequency Response from H(z)

Walking around the Unit Circle
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3 DOMAINS MOVIE: IIR

1
1-091r" @:ﬂ

DIFT; HAGRITUDE REGPONGE

W5 84 43 AF a1 ® 81 #f 83 84 45
Marmaiized Froquency in

PeZ Demo: Pole-Zero Placing
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