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IR FILTER

* |IR filters are of recursive type whereby the present
output sample depends on the present input, past input
samples and output samples.



Difference Between Analog filter and Digital filter

m Analog Filter Digital Filter

Analog filter processes analog A digital filter processes and
input and generates analog generates digital data.

outputs.

Analog filters are constructed It consists of elements like adder,
from active or passive electronic multiplier and delay unit.

components.
It is described by differential It is described by difference
equation. equation.

The frequency response of an The frequency response can be
analog filter can be modified by changed by changing the filter

changing the components. coefficients.



Procedures for digitizing the transfer function of an analog filter.

1. Approximation of derivative
2. Impulse invariant method
3. Bilinear transformation

Imaginary

Unit circle

Real

z-plane



Use the backward difference for the derivative to convert the
analog LPF with system function H(s) = 1/(S+2)
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Use the backward difference for the derivative to convert the
analog filter with system function H(s) = 1/(s* + 16)
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Properties of impulse invariant method
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For the analog transfer functionH(s) = Determine

1
(s+1)(s+2)
H(z) using impulse invariant method.
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Convert the analog filter into a digital filter where transfer function is

s+0.2
H = . impulse invariant method. Assume T=1sec.
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Cor Given
' i A
HeD = __§+02__ - _Q.-H:L ~

i oyctem finctjon e in  the form HCIDE-—Q_'I‘_E‘H__
($1af4

Q=109 and b=13

Sta - l-@haT CeetbTy =™
o)™ B

- ﬂ.ehaT (b L E'-tlm_fg

H(D) - "2 tew3y 27

lmn € 032T feggnry 2! 4 e OHT 2



8ub T = 1tee

o e 8792 Ccony 27

—

aeTOs2 (Lo32) 5™} 4o O 2

- 0.¢187 (~0,99) "

1= 2 (0.@127) (+0.99 Y2 4o bypy =2

I+ 0. 2) pt 27

= ——

140, 601027 ¢ 0.6708 F2



Bilinear Transformation

The bilinear transformation is a mapping that transforms the left half of s-plane
into the unit circle in the z-plane only once, thus avoiding aliasing of frequency
components.

The mapping from the s-plane to z-plane in bilinear transformation is

_2¢-1

S =

T(z+1)
All points in the LHP of s-plane are mapped inside the unit circle in the z-plane and
all points in the RHP of s-plane are mapped inside the unit circle in the z-plane

For smaller values of w there exist linear relationship between w and Q.

that is m= QT
But for larger values of w the relationship is non-linear. This effect is known as
warping effect. This effect compresses the magnitude and phase response at high
frequencies.
The warping effect can be eliminated by prewarping the analog filter. This can be

done by finding prewarping analog frequencies using the formula

02 tan?
—T Ny



Convert the analog filter into a digital IIR filter use bilinear

: . . _ 2
transformation with system function is H(s) = GrDGiZ)
Assume T=0.1sec.
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H(z) =

(20 g . B +1)(20 g; 8 +2)
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BUTTERWORTH FILTER

* The magnitude response of the Butterworth filter
decreases monotonically as the frequency Q increases
from O to oo.

* The magnitude response of the Butterworth filter closely
approximates the ideal response as the order N increases.

* The poles of the Butterworth filter lie on circle.
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CHEBYSHEV FILTER

The magnitude response of the Chebyshev filter exhibits
ripple either in passband or in stopband according to

type.
The poles of the Chebyshev filter lie on an ellipse

A

IH(w)

Ev



Daign o Adiqitad Chebyshay  LeF 1o sodiehy tne constraints

otot 2 |R %] 21 . Diwco.aw
\H(edWy | 20 D.5M< WL W

f us n:i Bilincaa X ramedor rmation ard o.&mrzl T=18¢c
o

Given S, =o.7071 W, =02W
= ) U}Q‘O-S“.
Bep . r’ma!.ecq Fnoguancy
O 2 mn 22T - o.6uA8
AL = %_—- Inn --,I\ = 1 o
_ 2 tan 25T . 4
N, = ‘?-F Lan “-9,;’“ 3 2



°£ the Hllen

S ERICHN

N;:-_

th (“L'z ln,')

RAICRIEN

eon(2]0.6498;

v th [qull)D‘S]
ceh' 30719

>

z 1569

N =2



|| VA ven
N,‘l BR e Z Q)‘ n:
\" CS = hi i gﬁ_* b_ﬂ_qcs +Ch_n_c’ 32* B‘ .ﬂ_ce + C‘JL:
=1

55 o 1 b \ K
’ 5+ - G (T*\ ) = g
M C < € [ 2 €
o5 OB
S, DT

A - i = 0.4\
o 3 °. = A .
N T = % Ath: F=hil

Coax-1y:
b‘{= 2% >0 ‘ AN ]

bu= oxoss mn (] o.ons

Cx = }’Ng + Ccoy k—__bh'J)“]
2NN

e, = ©-us52, a-;‘f%-] - O. 101




T& Hﬁd EH

Htﬂlﬂ':ﬂ- = |

Ba '—'*"'—E_L L
I“"I'l'.'.q-'l-t;ﬂ"—et—flp_" [E:ﬂ =1

B,
OSToT

L
I
i

El. 'q'n'-TEI?

MLer = _ O bnast xboey

(R
2% (o by (0,buaayt + 8, 701D, LYSE

oL, 29y

-1
SO m 1oL o B 299



step 4  Digital  Trancfes  Fundion
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