Signal Processing First

Lecture 18
3-Domains for IIR

1/22/2004 ©2003, JH McClellan & RW Schafer 1

LECTURE OBJECTIVES

= SECOND-ORDER IIR FILTERS
= TWO FEEDBACK TERMS

nl=ayln =11+ a,y[n - 2]+ ibkx[n —k]

= H(z) can have COMPLEX POLES & ZEROS

= THREE-DOMAIN APPROACH
= BPFs have POLES NEAR THE UNIT CIRCLE
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THREE DOMAINS

Use H(z) to get Z-TRANSFORM-DOMAIN: poles & zeros
Freq. Response POLYNOMIALS: H(z)

bz * -
H(Z):Z—k \Z:eja)

1- Za[z_[
FREQ-DOMAIN

»
a,.b }
TIME-DOMAIN /{ E, k

y[n]=ayn—-1]+ Zbkx[n — k]
k=0
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Z-TRANSFORM TABLES

SHORT TABLE OF z-TRANSFORMS

SECOND-ORDER FILTERS

* Two FEEPBACK TERM
yin]=ayy[n —1]+ apy[n —2]
+ box[n]+ byx[n—1]+ byx[n —2]

H(z)=
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x|n] = X(2)
1. axi[n] + bxsn] = aX(z) +bXs(2)
2. x[n — ng) = z27"X(z)
3. v[n] = x[n] = h(n) = Yiz) = H(2)X(2)
4. 8[n) = 1
5. 8[n — ny) — z e
1
6. a"uln) = =
MORE POLES
= Denominator is QUADRATIC
= 2 Poles: REAL a + Ve’ﬂlz + 4as
= or COMPLEX CONJUGATES 5

b+bz'+bz?* bz+bz+b

o T O b o | b
H(Z)=1 1 2 — 2

—-az —a,z z —az-a,

PROPERTY OF REAL POLYNOMIALS
A polynomial of degree N has N roots. If all the coefficients of the polynomial
are real, the roots either must be real, or must occur in t'rlmlrrf{'_\' conjugate pairs.
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TWO COMPLEX POLES

= Find Impulse Response ?

» Can OSCILLATE vs. n/’_j
= “RESONANCE” 1 AN o
(p.) = (re’e) = "e™
= Find FREQUENCY RESPONSE
= Depends on Pole Location

= Close to the Unit Circle?
= Make BANDPASS FILTER r—-12

pole =re’’
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2nd ORDER EXAMPLE

|11 = (0.9)" cos(z myu[n] =|

1-0.45z"

H(z)= —M——=
D=0 10812
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h[n]: Decays & Oscillates

1 — T T
Teell “PERIOD’=6
0.5 Sl
e 0 y 1]

2nd ORDER Z-transform PAIR

GENERAL ENTRY for

z-Transform TABLE

h[n]=r" cos(Gh)u[n]

1—rcosfz!
1—2rcosOz ' +rz7

H(z)=

h[n]= Ar" cos(th+ @)u[n]

0 Tt

-0.5 T
-1 .
15

time index (n)
x -
h[n]=(0.9)" cos(Zn)u[n]
o e

1-0.45z"

X =i 2
1-09z +0.81z
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cosp —rcos(d — @)z

H(z)=A4
@) 1-2rcos@z ' +1°z7
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2nd ORDER EX: n-Domain

1-0.45z"
1-0.9z" +0.81z7

|y[n] =09y[n—1]-0.81y[n—2]+ x[n]—0.45x[n — 1]|

aa = [ 1, -0.9, 0.81 ];

bb =[ 1, -0.45 ];

nn = -2:19;

hh = filter( bb, aa, (nn==0) );

HH = freqz( bb, aa, [-pi,pi/100:pi] );
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h[n]: Decays & Oscillates

1 — T T
Teell “PERIOD’=6
0.5 S mee
° y L

ofe \l-‘—/."
0.5 T
1 N
15
time index (n)
e -
h[n]=(0.9)" cos(§n)u[n]
60
1-0.45z"
X -1 2
- 1-09z +0.81z
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h[n]: Decays & Oscillates

| ‘PERIOD” 12|

5 10
time index (n)

x| [A[n] = (0.95)" cos nyu[n]

© o:
x 1-0.82272""
o 1-1.6454z "' +0.9025z

Complex POLE-ZERO PLOT

Magnitude Response

-1 o
Q omega-hat

el 12082272
2% | [1-1.6454z7" +0.902527
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3 DOMAINS MOVIE: IIR

POLEMOVE} -
‘ 14 z-1
e

0 1-1.3627 + 091827 ‘

5
- nll[' MAGNITUDE RESPONSE
E \
KX
n ¢
.‘..9 EER S LN N R E L R P R
IMPULSE RESPONSE: bo] OTFT: PHASE RESPONSE pEaries) | H(®)
"
W ] aiil
ol o o
% %" 4w

. Eofl —
A AR A2 A1 F A1 A2 0D A
Hormalized Froquency = 7e

1/22/2004 ©2003, JH McClellan & RW Schafer




