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Impulse Invariant Transformation

In this technigque, the desired impulse response of the
digital filter is obtained by uniformly sampling the
Impulse response of the equivalent analog filter. That

IS,
h(n)=h,(nT) ----------- (1)
Where T Is the sampling interval.

Consider a simple distinct pole case for the analog

filter's systen M4
H,(s) = ﬂ'
@2 2 i e 2)
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Impulse Invariant Transformation

The Impulse response of the systesnspecified by
the equation(2) can be obtained by taking the inverse
Laplace transfornand it will be of the form

h, (¢) = E Aelitu 6y (3)
i=1

Where y(t) is the unit step function in continuous
time. The Impulse response h(n) of the equivalent
digital filter is obtained by uniformly sampling_(n,

l.e. by applying Eqg. (1)

M :
h(n)=h,T)= Y AeP™ u,(nT) ~— (4)
i=1
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Impulse Invariant Transformation

The systenresponse of the digital systeaf equation(4) can
be obtain by taking the z-transform, I.e.

Hz)= Y h(n)z™"
n=0

Using Eq.(4)
oo M
H(z) = 20 Ll A; ePinT ua(nT)]z'” ____________ (5)
Interchanging the order of summation,
H(zﬁ - i L)iio APy (n T)] "
H(z')=§ e (6)
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Impulse Invariant Transformation

Now, by comparing equation(2) and equation(6) the mapping
formula for the impulse invariant transformation is given by

1
s—p, i {—aBF 52 T (7)

Equation 7 shows that the analog pole at s s papped into a
digital pole alz =¢?¥, Therefor«the analo( poles anc the digital
poles are related by the relations

The general characteristics of the mapping z * @an be
obtained by substituting s+ JQ and expressing the complex
variable z in the polar forms z = re

Therefore, re = el gl

Clearly, r=€e€"and w = QT
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Impulse Invariant Transformation

Some of the properties of the impulse invariant transformation
are given below

-1 GV 1

(s +s)" ” (m-D! ds™ 1| 1-¢*7 z_l:|’s_)8i _________ )

/) sta 1-e T (cosbT) 2"

(s +a)? + b* 71 2¢ T (cosbT)z ' +e 2T 272 (10)
b . e T (sinbT) 2z 1

B+a)?+02  1-2¢T (cosbT)z L+g 20T g2 7777 (11)
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Impulse Invariant Transformation

Example: Convert the analog filter into a digital filter whose
system function Is g,. __s+02

s+02)72%+9
Usetheimpulse invaria(nt te)chnique. AssumeT = 1s.
Solution:
The system response of the analog filter is of the standar:
His)= (s +:)"2“+ b?

Where a = 0.2 and b = 3. The system response of the digital filter
can be obtained using equation (10)

o . aT -1
Hne — 1 CosbT).
1-2e¢ (cosbT)z™ ! + ¢ 20T 52

1-¢%T(cos3T) 27!
1-2e7 %27 (cog37) 271 + ¢ 047 ;-2 7
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Impulse Invariant Transformation

Taking T = 1s,
) = 1-(0.8187) (-0.99) 21
1-2(0.8187)(-0.99) 2~ + 0.6703 22
H(z)= - 1+(0.8105) 27!

1+162102 1 + 0.6703 22
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