Signal Processing First

Lecture 15
Zeros of H(z) and the
Frequency Domain

8/22/2003 © 2003, JH McClellan & RW Schafer 1

READING ASSIGNMENTS

This Lecture:
Chapter 7, Section 7-6 to end

Other Reading:

Recitation & Lab: Chapter 7
ZEROS (and POLES)

Next Lecture:Chapter 8
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LECTURE OBJECTIVES

ZEROS and POLES
Relate H(z) to FREQUENCY RESPONSE

H(e’®)= H(z2)

)
z=¢’

Show Relationship for FIR:

h[zﬁ] o H(? - H(efﬁ’)

DESIGN PROBLEM

Example:
Design a Lowpass FIR filter (Find b,)

Reject completely 0.7w, 0.8w, and 0.9%
This is NULLING

Estimate the filter length needed to
accomplish this task. How many b, ?

Z POLYNOMIALS provide the TOOLS
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Z-Transform DEFINITION

POLYNOMIAL Representation of LTI

EXAMPLE APPLIES to
{hin]}=1{2,0,-3,0,2} Any SIGNAL

H(z)=2z"+40z"-322+0z7 42z
=2-3z"+2z"
=2-3(z"") +2(z7"*
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| POLYNOMIAL in 7

CONVOLUTION PROPERTY

Convolution in the n-domain

Multiplication in the z-domain

yln]=hln]*x[n] < Y(2)=H(z)X(z)

Yin]=xln]*hin] MULTIPLY

z-TRANSFORMS
k=0 | FIR Filter
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CONVOLUTION EXAMPLE

— H(Z) —

THREE DOMAINS

x[n]=0[n—-1]+20[n-2] h[n]=o[n]—o[n—1]

yln]=x[n]*h[n]
H(z)=1-z"

X(2)=z"+2z7"
Y2)=("+2z)(1-zY=z"+27%-227"

y[n]=90[n—1]+0[n—-2]-20[n—3]
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Z-TRANSFORM-DOMAIN
POLYNOMIALS: H(z)

Oy y

TIME-DOMAIN
M . M .

y[nl=> bx[n—k] H('?)=Y e/
k=0 k=0
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FREQ-DOMAIN




FREQUENCY RESPONSE ?

ANOTHER ANALYSIS TOOL

_ Same Ff)rm: . ]a")
@ — Domain AL —

H( efw) Z b, o IOk z—Domain

k—O

(10 )—k

M
H(z)= Zbkz_k
k=0

H(ej‘b) = Zbk(e
k=0

SAME COEFFICIENTS
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z-Transform POLYNOMIALS are EASY !
ROOTS, FACTORS, etc.

The z-domain is

H(z)is a -VALUED function of a
VARIABLE z.
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ZEROS of H(z)

Find z, where H(z)=0
H(z)=1-1z"

1
2
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Zeroat:z =

ZEROS of H(z)

Find z, where H(z)=0
Interesting when z is ON the unit circle.

H(z)=1-2z"42z7 -z
Hz)=(1-zHY1-z"4z7)

Roots z—l,é_]{ eti7!3
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PLOT ZEROS in z-DOMAIN

POLES of H(z)

UNIT Ly
CIRCLE [~
z 7 |3 zEROS
=) H(z) =0
g 0 /
o
E
057
3 POLES
_] o
—Il —OI.S 0 ()I.S ]
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Real Part

Find z, where H(z) — o
Not very interesting for the FIR case

H(z)=1-2z"42z7-2z7

22 —2z2+2z —1

H(z)= 2
Z
Three Polesat:z=0

FREQ. RESPONSE from ZEROS

H(e’®)= H(z2)

z=e’?

H(e’*)=H(2)|_

Relate H(z) to FREQUENCY RESPONSE

EVALUATE H(z) on the UNIT CIRCLE
ANGLE is same as FREQUENCY

j@

z=e (as @ varies)
defines a CIRCLE, radius =1

8/22/2003 © 2003, JH McClellan & RW Schafer 16

The Complex z-Plane

Imaginary Part
(e}

e Unit Circle :

-1 -0.5 0 0.5 1
8/2: Real Part

\‘” ANGLE is FREQUENCY




FIR Frequency Response

3 DOMAINS MOVIE: FIR

Magnitude of Frequency Response for h[n] = 1,-2,2,-1

| ZEROS MOVE ——

Real Part

- H(z
° 1+1.452" ¢ 14522 + 73 ‘ ( )
i Zeros of H(ejd)) and H(z) :‘:; old I3 DTFT: MAGNITUDE RESPONSE
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NULLING PROPERTY of H(z) PLOT ZEROS in z-DOMAIN
When H(z)=0 on the unit circle. UNIT It e
Find inputs x[n] that give zero output CIRCLE \\
-1 -2 -3 - 057 ' 7
H(z)=1-2z +2z" -z 5 3 ZEROS
- 5 i H(z)=0
a —ja — 26 —i3a g Oy Ay /
H(e'?)=1-2e7/°+2e7%? -7 /7 2
T 05t
e —
H(Z) 3 POLES
_ _j(m/3)n by i
x[n]=e’”" y[n] . . ; . .
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NULLING PROPERTY of H(z)

FIR Frequency Response

Magnitude of Frequency Response for h[n] = 1,-2,2,-1

Evaluate H(z) at the input “frequency” o
. A - A . P . A 4-
H(ejw)zl—ze ](0_|_2e ]2(()_e j3o o ZerosofH(ejd’)andH(z)

/3 i(/3)n ‘ ‘ |
y[n]=H(e™"")- e/ %2 2 1 0 1 2
y[n] — (1 _ 2e_j7z-/3 + 28_]'2”/3 _ e_j37z-/3) : ej(;-[/?,)n A Phase Angle of Frequency Response for h[n] = 1,-2,2,-1

2_
1 _ A3 1 _ A3
(1-2(z=j5)+2(—5—-/3)—-(=D) 0
. . (/)3 21
y[n]=(1—=1+ jJ3 1= j3+1)- /73" =0 |~ |
- -2 -1 0 1 2
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PeZ Demo: Zero Placing
DESIGN PROBLEM i
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Example: 12 PO'E-Z?O = Pole Location : Zero ation
Design a Lowpass FIR filter (Find by) B o
Reject completely 0.7, 0.8, and 0.9% . B
Estimate the filter length needed to S % - -
accomplish this task. How many b, ? e e
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