Reading material: p.291 — 311 and the given document

MM3: Frequency Transformation of LP-
IR Filters and Linear phase systems

il

1. Explanation of Exercise Two

Explanation of Exercise Two

il

2. Frequency transformations
3. Linear phase systems
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DT Lowpass IIR Filter Design

s

Discrete filters Analog filters
eButterworth... *Butterworth...
*Chebyshev... *Chebyshev...
*Elliptic ... *Elliptic ...
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CT Butterworth lowpass Filters

m Characteristics
The magnitude response is maximally flat in the passband
The magnitude response is monotonic in the passband

and stopband
m Magnitude-squared function
: 1
|Hc(JQ) |2:+2N
m Filter Construction 1+(jQ/ j)
System function
1
MR = Gar o™

Roots of denominator polynomial
Stable and causal system H_(S)
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DT IIR Fllter by Impulse Invarlance

TR Fllter Des'g" by Bilinear :‘I‘ransformﬂr; |

. . Q:(’J/Td - . Q = z—tan( C‘L)
DT specifications CT specifications —— T T, 2 —
DT specifications CT specifications
CT Design
CT Design
DT Filter _oT CT Filter ot
(Butterworth, ®T (Butterworth, DT Filter o = 2arotan( =) CT Filter
Chebyshev, Chebyshev, (Butterworth, (Butterworth,
Elliptic) Elliptic) Chebyshev, Chebyshev,
Elliptic) Elliptic)
— _ S Ak .
HERHA) Tolr  HOI=R R 5 = s= 21, H@ = HE )
T, 1+z7 T, l+zt
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How to design some other frequency-selective
DT IIR filters besides lowpass ones?

=3

Discrete filters

*Lowpass ... A prototype DT
*Highpass... _ lowpass filter
*Bandpass ... Algebraic transform

*Bandstop....
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Transform from Lowpass to Another Lowpass

m Preknowledge
a prototype lowpass filter H,,(Z) with cutoff frequency 0,

-1

m Transform ,._2%2 -«

1-az™
¢ Desired cutoff freq.

sin( ep—@p)

m Design Parameter ~ 5
“ sin( M)
2
m Wanted lowpass H (z) = H (Z)] .
:l—otzf1
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Transform from owpass to a Highpass

m Preknowledge

v AVTTE

ﬁ'%»

- e fv@wﬁ“ =

a prototype lowpass filter H,(Z) with cutoff frequency 6,

m Transform ;- __2'+a

1+azt )
Desired cutoff freq.

cos( 9p§%@p)

m Design Parameter
o = —

1%
COS( pza)p)

m Wanted highpassH (z) = H  (Z) | 4
! z +_al

l+az
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Prototype filter

Open matlab:
>>freqz([0.125],[1 -0.8825])
Then,

Exercise: Design a Highpass Filter

(see dlstrlbuted paper)
L TN B

= 3
Designed filter

Open matlab:

>> freqz([0.125 -0.0939],[0.3373 0.1316])
Then,
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Discrete-Time Linear Phase Filters

e

................................................................

A 4
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Effect of Fllterlng

m System frequency response:
H(ejm) = |H(ejm)| p<H(ejo)

m Input and output relationship
[Y(el®)] =[H(el®)] [X(el)|
QY (el®) = qH(el®) + aX(el®)
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