Exercises for Week 10

Show the steps in designing and implementing an infinite impulse response (IIR) lowpass

filter with the following magnitude-only specifications for |H (ej “’) |2:

Pass-band ripple R, =10dB
Stop-band attenuation A, =50dB
Pass-band frequency w, =0.17
Stop-band frequency ws = 0.3m

Use Butterworth lowpass filter as the analog filter design. Assume that impulse invariance
transformation is employed with sampling T = 1.



Solution

Step 1: In using the impulse invariance method with sampling period T = 1, the first step is to
determine the analog passband and stopband frequencies. They are given by

w, 01m

.Qp = ? = T =0.1m
ws 0.3m

-Qs = 7 = T = 0.3

Step 2: With the Q,, and Q; frequencies, we can determine the Butterworth filter order by

[1og10[(10Rp/10 —1)/(104/10 — 1) ]l
N =
2logqg (QP/QS)

N logyo[(1010/20 — 1)/(1050/20 — 1) |
B 2log,,(0.17/0.37)

l = [4.2397] =5

Therefore, the required order is 5.

Step 3: With the (), (). and N, we can determine the cutoff frequency (). of the analogy Butterworth
by
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We can choose (1. between 0.2522 and 0.2980. Let us choose (). as 0.29.

Step 4: Based on the 5th Order Butterworth filter transfer faction with cut-off frequency Q. = 0.29,
The magnitude squared response |H, (jf2)|? is then:

|Ho G)|? =
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There are 10 poles in |H,(j2)|? atp, = 0.29e 10, k=0,..., 9.

Find Laplace transform of the Butterworth low-pass filter. We should choose the 5 poles on the left
half plane to form H, (s). Let these 5 poles be pg, Py, P> Pq and p.. Hence we have:

0.295
(s =P —Pp)(S —PI(S —Pa) (s — Pe)

Ha(s) =

Step 5: Express H,(s) in a partial fraction form:

A B C D E
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S=Pa S=DPp S—Pc S—Pa S~ Pe

Step 6: To transform H,(s) into a digital filter H(z) using impulse invariance method, the main idea
is to convert a pole in s-plane into a pole in z-plane via the use of z = €57, where T = 1is the
sampling interval. As a result,
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H =
@ =1
For direct or canonic form:

bo+ bz + b,z + byz 3 + byz™*
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H(z) =

For cascade form:

b0’1 + blllz_l + bz’lz_z bo’z + bl,ZZ_l + bz}zZ_z b0,3
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H(z) =

For parallel form:

Yo1 + V112" Yoz + V122" Yo,3
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