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Characteristics of practical frequency selective filters.
Characteristics of commonly used analog filters
Butterworth filters, Chebyshev filters.

Design of IIR filters from analog filters (LPF, HPF, BPF, BRF)
Approximation of derivatives

Impulse invariance method

Bilinear transformation

Frequency transformation in the analog domain

tructure of IIR filter - direct form |, direct form Il

ascade, parallel realizations
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Steps to design digital filter using bilinear transform technique.

. From the given specifications, find prewarping analog frequencies using for-
mula {) = 7 tan g

2. Using the analog frequencies find H (s) of the analog filer
3. Select the sampling rate of the digital filter, call

-1
-2

4. Substitute § = = v | ansfer functi i
ubstitute s T3 51 into the transfer function found iy step 2.

It T seconds per sample.
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Example 5.16 Apply bilinear transformation to H (s) = 2 T
sec and find H (z). . (s+1)(s+ 2) A =1
Solution

Given H(s) = —_2

(s+1)(s + 2)

g
Substitute s = 3 L_i,_
113 51

} in H{s) to get H(z)

Hiz) = H(s)

=% (5=
- 2
(s +1)(s+2)

3:—2- ( 1—z—1
=T
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Given T = 1 sec

H(z) = i == ) 1 o1
(=) e =)+
26142t :
RO
6 — 24
0.166(1+ 2~1)°
- (1—ﬂ.3§;1) !

—
[}

i
—
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Xanm i i i filter, monotonic in
E . Jinear transform, design o highpass . 1 -
Passbal::: i‘[::g c:ft!zfr;’gf:::u:;;v of 1000 Hz and down 10dB at 350 Hz. The sampling

frequency is 5000 Hz.

Solution
Given oy, — 3dB; we = wyp = 2 < 7 x 1000 = 20007 rad/sec
ks = 10dB; we = 2 x 1 x 350 = 700w rad/sec
1 1
f - 5000
HGSD) an |
IHGD)las T
o L B O
—3 i st s e e e e A
—10 - - — — — _ _ _ _ _
<«
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The characteristics are monotonic in both
filter is Butterworth filter.

Prewarping the digital frequencies we have

Ppassband and stopband. Therefore, the

2 wpT 2 (20007 < 2 x 10—%)
e =t =g~ =5 —c=—gtan 2

10% tan(0.27) — 7265 rad/sec

2 72 s 2 . (7007 > 2 > 10—1)
Q B ——t = - ——— *
L EesS 3 % 04 "B

2
104 tan(0.077w) = 2235rad/sec

First we design a lowpass filter for
formation to obtain transfer function o
The order of the filter

1 109 1o 1 o 10041[10} =1
_ 9BV 1009, — 3 8V Too1m =3
N = o ==k

the given specifications and use suitable trans-
f highpass filter.

= _ _log3 _ 0.4771 _ ;ga2
log == o L =0 " log3.25  0.5118
i 2235
Therefore, we take W — 7
The first-order Butterworth filter for e = 1 rad/sec is H(s) = . _—}_ -

57
19BMB302 - Biomedical Sighal Processing / Unit-3 / Dr. K. Manoharan, ASP / BME / SNSCT



The highpass filter for £2. = 2, = 7265 rad/sec can be obtained by using the

(ransformation
£2-

5 — —
=

~ (7265)
S

i.e., & —

The transfer function of highpass filter

»

H(s) =

s + 1 |s=—7285
f=3

s + 7265

Using bilinear transformation

H(Z’) == H{S)1s=_1 [_1-—_::_:_
=

g + T265 3—2}{10_4 (i==x)
10000 (35==1)

10000 (iz==) + 7265

0.5792(1 — =z 1)
1 — 0.1584z1
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Example 5.18 Determine H (z) that results when the bilinear tr_ansfnrmatmn is ap-
. 8% 4+ 4.525
pled 1o Haln) = s2 4+ 0.692s + 0.504
Solution
In bilifiear transformation
= H{s | .
H(z] ( )3:%[i+z_l]
Assume 7' = 1 sec.
Then
a1 4.52
—_— + 4.525
dail
—— =
=17 1— 2
4 poeg + 0.692 x 2 x [-'_:_—T.J""Q*E'Dd
1< 27+ 1+ 2
1.4479 + 0.1783z~! + 1.44792"2
1 — 1.18752z—1 + 0.5299z—=
59
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