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• Mapping of integrals

Consider an analog integrator:
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We now have a recursion formula:
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Follows:
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• Conclusion:
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Bilinear transformation: General approach:
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(b) Consider the points on the imaginary axis of
the s-plane for all .
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(c) Consider the points in the left-half of the
s-plane.
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(d) Consider the points in the right-half of the
s-plane.
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Conclusion: Stable analog filters are mapped from
s-plane to z-plane as stable digital filters. Aliasing
problem is eliminated.

Analog and Digital frequencies relationship.

Consider
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where          =  specified cutoff frequencypw

pw¢ =  prewarped cutoff frequency
k = 1 or 2/T
T  =  sampling period
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Frequency scale distortion:
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Digital frequencies may result into scaled values
different than the desired or specified values
except where analog amplitude functions are 
piecewise constant. This problem is eliminated or
at least minimized by prewarping frequency
specifications
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Summary of Bilinear Transformation method1
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Example 1:

Low pass filter: Obtain the transfer function H(z) of the 
digital low pass filter to approximate the following transfer 
function:
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Use Bilinear Transformation method and assume a 3 dB cut 
off frequency of 150Hz and a sampling frequency of 
1.28kHz.

Soln. The critical frequency,                            and Fs

=1/T = 1.28kHz, giving a prewarped critical frequency of            
 rad/s, 1502 ´= pw p
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Example 2:

Soln.
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Example 3:

Soln.
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Use of BZT and Classical Analog Filters

Analog Filters Review
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Analog Filters Review contd

2. Low pass Chebyshev Type 1 Filter of order N
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Fig: Sketches of frequency response of some classical analog filters

(a) Butterworth response (b) Chebyshev type I © Chebyshev type II

(d) Elliptic

Analog Filters Review contd

3. Low pass Elliptic Filter of order N
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Analog Frequency Transformations

1. Desired Low pass       Low pass prototype

The low pass to low pass transformation is:
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2.   Desired High pass       Low pass prototype

The low pass to high pass transformation is:
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2.   Desired Band pass        Low pass prototype

The low pass to band pass transformation is:
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For a band pass filter,
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From eqn (8.33)
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2.   Desired Band stop        Low pass prototype

The low pass to band stop transformation is:
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For a band stop filter,
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Design Examples
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Problem 

Design a low-pass digital filter operating at the rate of 20 kHz.
And having pass-band extending to 3 kHz. with a maximum
Pass-band attenuation of 0.5 dB, and stop-band starting at 
5 kHz. with a minimum stop-band attenuation of 10 dB.
a) Use Butter-worth design   b) Using Chebyshev design

Solution:

Digital frequencies in radians per sample:
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Since the filter specifications are not normalized,
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a) Using the Butter-worth design:

Order of the filter is: 
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b) Using the Chebyshev design:

Order of the filter is: 
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