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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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E -
= il:_ample 5.34 Design a Chebyshev filter for the following specification ys;
Inear transformation (b) impulse invariance Method. i
0.8 <|H(e?*)| < 1 0<w<o0.2n
| H{e"Y] <= 6.2 O6r < w<a

-

Solution’ SR e A :

(a) Given w, = 0.6, Wwp = 0.2

1
—-—-—_L_.:L ~ A? = 0.2 = A\ = 4.899
.1
ViFer 08 =e=075
e = i
. T ta,n—-z— =0.6498 (-- T =1 sec)
IRy -—
s = ptan 2 = 2759
—3
N — Sosh™! )\ /e 2
cosh™' 1/ — L0
= N =2
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="l +14 24

a=gq, | = u-t/NT
2 | =0.3752
M |
b=, [N + um1n
2 — | = 0.7s8
o =Z 4 Pk —1)x
S = ﬂ{:ﬂs‘i}k +Jbﬂi
By == nfi}k

—0.2653 + 70.53
= —0.2653 - 7O.53

19BMB302 - Biomedical Sighal Processing / Unit-3 / Dr. K. Manoharan, ASP / BME / SNSCT 99




2SS
Denominator of TUIIOTS
H(s) = (s +0.2653)% + (0.53)2
s2 + 0.5306s + 0.3516

) 0.3516 R
For IV even, Numerator of H (s) is [+ (0.75)2]1/2 =i

|

0.28
s2 4+ 0.5306s + 0.3516

H(s) =

Using bilinear transformation

H(z) = H=)| o (1, = T =1 sec
oA [ 121 i)
0.28(1 + z71)2

s 5.4128 — 7.298z—1 + 3.292~2

0.052€1 + z—1)?
1 — 1.3480z—1 + 0.608z2
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(b) By using impulse invariance method

w = QT => wp = 2T and ws = 2T’
For T = 1 sec

75 . €25 0.6

—_— = — = = 3
wp L. 0.2 p—
cosh— 1 i cosh—1 ———
N = £ — 0.75 _ 1.45
o —3 1 sh— 13 )
COSh 1 'E co

Approximating /N to next higher integer, we get IV = 2. We know p = 3

1N, —1/N
a = [” £ ] — 0.3627

2
1/IV —1 /v
L —+ e =
b= 2, [ = ] = 0.7255
H1 = 135°; p2 = 225°
s; — —0.2564 + j0.513
s2 — —0.2564 — j0.513

Numerator of H(s) = 0.264

0.264 _ ~ (0.5146)(0.513)
H(s) = ;57 09.518s + 0.33 (s + 0.2564)2 + (0.513)?
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Taking inversé Laplace transform we obtain
h(t) = 0.5146e~22°%% 5in 0.513¢
Lett = nT. Then A(nT) = 0.5146e 0256477 5in 0.513nT".
The z-Transform ; '

0.5146e—0-2564T »—1 gin 0.5137
T 1 — 2025647 3 —1 c0s0.5137T + 05137 52

0.1954z"1
H(2) = 177318321 + 0.50872-2
(or)
By 0.264 _ 0.257; B 0.257;
s2 +0.513s + 033 s+ 0.256 — j0.513 s+ 0.256 + ;0.513
H(z) — 0.257; B 0.2577
] — e—02567 53705137 5 —1 1 — e—0.256T p—30.5137 ,—1
0.1954z—1

" 1 —1.3483z 1 } 0.50872-2
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Example 5.39 Design a digital Chebyshev filter to meet the constraints

1 7
— & H{e¥) £ 1 for 0 <w <027
g B A

0<|H(@E™)| <01 for06r<w<m

' ili ' ' iod T = 1 sec
by using bilincar transformation and assume sampling perio ,
S : (AU ECE May’05)

Solution Given ws = 0.57; wp = 0.27

1 _ _01=A=995
1+ A2

! ::-i::?'&"—'l
Ji+e: V2o
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_ 2 Wp _ 92¢tan(0.17) = 0.65
2 g n o
2; = T tan 5 (4)
cosh™12  cosh™19.95 _ | ooo
= — i~ oosh D (o2%)
cos h—1 g2 cos 0.65
approximate N = 2
p=el4/1re2=1+V2=2414
(/N N [2.4141/2 — 2.414-1/2
& =50, 1 & - = 0.65 = = 0.295
2 - — =
[ /N 4 —1/N ] [(2.4141/2 4 2.414-1/2 ]
beity, | B = 0.65 = = 0.717
2 i 2 |
oo (2k — 1) - . =
= b =1,2; = T3567; = 22
Gbk ) =+ N k 1,32; ‘;bl e ¢2 S
Sp = a cos @ + j b sin @i
s1 = 0.295 cos 135° + 7 0.717sin 135° = —0.2086 + j0.507

s2 = 0.295 cos 225° + 7 0.717 sin 225°

I

—0.2086 — 50.507
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Denominator of
H(s) = (s + 0.2086)2 + (0.507)2 = 52 + 0.4172s + 0.3

For IV even, numerator of H(s) is
0.3

= ——— = 0.212
V1 + e2
0.212

Hisg) =

52 + 0.4172s + 0.3
Using bilinear transformation

H(z) = H(s)|,

gl ==

Since T" = 1
0.212(1 4 2—1)2
4(1 — 271)2 4+ 0.8344(1 — 2—2) + 0.3(1 + = 1)2
0.212(1 + 2=z—1 4 2—2) —

4—82"1+42-2 } 0.8344 — 0.8344>—2 + 0.3 + 0.62—1 + 0.3z >
_ 0.212(1 + 22— 4 =—2)

5.1344 — 7.402—! + 3.4656=z 2
- 0.0413(1 + =—1)2

1 —1.44z—T1 4 0.6752z—2

H(z) =
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Thank You!
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