Module 2

lIR filter design

Using Impulse Invarient
Transformation(lIT)



Preliminaries:-lIR filter design

¢ [|IR filters have infinite-length impulse
responses, hence they can be matched to
analog filters.

Analog filter/design is a mature and well
developed field.



Preliminaries:-lIR filter design

*. First design filter in the analog domain

* Then convert the design into the digital
domain.

* |Using analog to digital transformation
techniques.



What are the methods to convert analog filter into
digital filter?

*. There are many techniques which are used to
convert analog filter into digital filter of which some
of them are:-

1) Approximation of derivatives

2) Bilinear Transformation(BLT)

3) Impulse invariance Transformation(lIT)
4) Matched Z-transformation



Filter design approaches

Approach
App'y ﬁltel' lIR filter

: Apply freq. band
Design an.alog 2 transformation ™ transformation »
lowpass filter s . a s 2 {=I

Approach 2

Designed

Apply filter Apply freq. band| [[:§{liC];

Design analog memsy i, \cformation s transformation ==
lowpass filter g7 21




Analog to Digital filter Transformation:-
Method 1 (lIT)

Impulse invariance Transformation(lIT)



Analog to Digital filter Transformation:-
AJN notes Method 1 (lIT)

A

JIT Derivation for simple pole Transformation
Our aimisto t'r&ﬁ{‘)rm filter from s to z domain
: : otes,
"\ -consider the simplest case of H(s wFtﬁ simple pole
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Analog to Digital filter Transformation:-
AJN notes Method 1 (lIT) Derivation
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Analog to Digital filter Transformation:-
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Analog to Digital filter Transformation:-
AJN ndviethod 1 (lIT) Derivation....contd..
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Analog to Digital filter Transformation:-
AJN notes Method 1 (lIT) ..Example

A

J
¢ Use of above’%hL\ula for trzmgfggﬁwing

following analog filter to digital filter

V\_Notes

O
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Analog to Digital filter Transformation:-
AJN notes Method 1 (lIT) ..Example
Hs) = —>—+ 2

s+1 s+2

I

By }mpulse invariant transforma?kq\ we know that,

Ai ,\Ai
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Analog to Digital filter Transformation:-Method 1
AT ) Impartant formula for different types of poles
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Analog to Digital filter Transformation:-Method 1
AJN notes  (lIT) ..solved example 1
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Analog to Digital filter Transformation:-Method 1
AJN notes  (lIT) ..solved example 1

tes

e Step 1:-calculate partial fractions to get H(S)
in one of the standard formula of lIT
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Analog to Digital filter Transformation:-Method 1
AJN notes  (lIT) ..solved example 1
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Analog to Digital filter Transformation:-Method 1
AJN notes  (lIT) ..solved example 1

A I'KS) = 2 “+ ~2

s+1 s+2
J By impulse invariant transformation we know that,

A A
N s+ Pi (is transformed to) 1-e piT -1
e . ¥ X
4 - wherep, =1 and p,=
Z

_"__::" | l— e—p‘T z-l ]_ e-pzT
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Analog to Digital filter Transformation:-Method 1
AJN notes  (lIT) ..solved example 1
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Analog to Digital filter Transformation:-Method 1
(IIT) ..solved example 1

Hz) = ———— 4 — _ 21-0135327) - 20- 036797
1-036792" 1-0.38%" " (1-036797") (- 01330

2-0.2706z"" - 24073587 046527

e —————————
Py

1-013532" - 036792 +0.049827  1- 05032 + 0. 0498




Analog to Digital filter Transformation:-Method 1
AJN nollE) ..solved example 1..part 2 ..T=0.1

A
J

Solve for Z to power -1 coefficients

AJN Notes
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Analog to Digital filter Transformation:-Method 1
AJN nollE) ..solved example 1..part 2 ..T=0.1

Solve for Z to power -1 coefficients
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Analog to Digital filter Transformation:-Method 1
AJN notes  (lIT) ..solved example 1
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Analog to Digital filter Transformation:-Method 1
(IIT) ..solved example 2

\y/ert the analog filter with system transfer function,

(s+0.1)

ik (5+0.°+9

into a digital IIR filter by means of the impulse invariant method.



Analog to Digital filter Transformation:-Method 1
AJN notes  (lIT) ..solved example 2
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Analog to Digital filter Transformation:-Method 1
AJN notes  (lIT) ..solved example 2
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A

z‘, = e('i *]Q‘)T = eoiT emlT

We know that "z " is a complex number, Hence "2,"can be expressed in polar coor Gmaes 5,2y
. ‘l', ZZ‘ & ediT ejﬂiT ""'ojw
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%)= ¢ and £z, = QT

..... (11)

From equation (7.11) the following observations can be made,

L Ifo, <0 (ie, o is negative), then the analog pole "s " lie on Left Half (LHP) of s-plane. In this

case, z, < 1, hence the corresponding digita

2 Ifo.=0(i.e. real part is zero), then the ana
case, z/= 1, hence the corresponding digita

pole "z." will lie inside the unit circle in z-plane.

og pole "s."lie on imaginary axis of s-plane. In this

pole "z." willli on the wnit circle in z-plane.
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Aliasing problem in lIT

AJN DSP notes



liasing problem in lIT

AJN note'sA\

AJN DSP notes



Aliasing problem in lIT



AJN notes

AJN DSP notes



