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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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Example 5.30 Design a digital Butterworth filter satisfying the constraints .

TUTIONS
0.707 <|H (e’¥)| < 1 for0<w < =~

[H(e?*)| <02 for = <w<m

with T = 1 sec using (a) The bilinear transformation (b) Impulse invariance. Realize

the filter in each case using the most convenient realization form.
Solution

(a) Bilinear transformation

Given data

o
= 0.707; —f———= = 0.2;wp =5
A5 VIt A2
The analog frequency ratio is

3
2t - tan il
— tan — =
Q _T 73 _ 8 —2414
{lp ;;tan%e tan—i
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o
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A
log —
The order of the filter N = é :
1 ol
0og a,
From the given data A = 4.898 = = 1.
log 4.898
BN > 2 =
T log2.414 ——
Rounding V to nearest higher value we get N = 2. We know
2, '
QCZW:QP (i e=1)
2 w via
_ — t‘ —-—E— —_ ——
7 tan - 2 tan i 2 rad/sec
The transfer function of second order normalized Butterworth filter is
H(s) = ——
82 +2s+1
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Ha(s) for Q¢ = 2rad/sec can be obtained by substituting s — s/2 in H(s)

ie., Ha(s) = — 1
: (s/2)2 + V2 - (s5/2) + 1
- 4

o 52 + 28285 1+ 4
By using bilinear transformation H(z) can be obtained as

H(Z)ZH(S)l 2.»1__2_._1]

T 1+ 21
4
52 + 2.828s + 4

Thus_ He)=

1 — =—13 e 1 sec)
§=2| —8—
14 z—1
4(1 + =
4(1 — 2712 + 5.656(1 — 2=2) ¢ 4(1 4 =-1)2
0.2029(1 + z~1)2 -
14+ 0.17162-2
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TUTIONnS

The above system function can be realized in direct form II as shown in Fig. 5.62.

*EL*@__AT - 02929 = yim)
4
=
0.5858
=

~0.1716 0.2929

Fig. 5.62
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(b) Impulse Invariant Method

Solution

The relationship between analog & digital frequencies in Impulse invariant method
isw=QT.
From the given data T" = 1sec ie., w =

= Qp=wp: = ws

We know A = 4.898; = = 1.
The order of the filter
0 ogao
N> _ e _ logd.989
g 2, 1 3r/4
& Qp 08 11'/2
N > 3.924
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The transfer function of a fourth order normalized Butterworth filter is

1 |
(52 4 0.76537 + 1)(s2 4+ 1.84775 + 1)

H(s) =
Ase=1: Q,=0Q, =057 =157

Hﬂ(s) = H(g‘)

S

Gt ———

1.57
(157"
= (2 4 1.202s + 2.465)(s? + 2.902s + 2.465)
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H,(s) in the partial fraction form is given by

HQ(S} =

N
Il

Il

I

T (1.57)%
8 E 0. ; 0 Ry
+30-8) = 145+ j0.6)(s + 1.45 — ;0.6) -
(s2 + 1.202s + 2.465) T s,
L (1.57)*
(=70.6 —0.6) [(—1.45 — j0.6) + 1.202(—1.45 — ;0.6) ¥ 3455
' {15504 ]
—3(1.2) [1.7425 + 1.74; — 1.7429 — j0.7212 + 2.465]
(1.57)% '
—3(1.2)(2.465 + ;1.0188)
_ 5.063 __ 5.063(1.0188 + ;j2.465)
1.0188 — ;2 465 7.114

, A A"
(s + 1.45+ j0.6) | (s + 1.45 — j0.6)
B B*

T GF06+145 T (s+0.6—;51.45)

0.7116(1.0188 + ;j2.465) = 0.7253 + ;1.754
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(1.57)4
(s + 0.6+ 51.45)(s + 0.6 1. ,
s 6 — j1.4
(5% + 2.902s + 2.465) 7 )

B = (s + 0.6 J1.45)

S=—0.6—j1.45

! {1-5‘?] i
- + 1902( {} 6 = ]
2 - _?1-45 +

—J [—1.0187 — 532 1637

2.095
_ 2.005[— ;
‘;_22;63+ 71.0187 — = 2'.:*4;3 38; =
2 ?328583 [—2.468 — j1.0187) — — Gy
: + 71.754 0.7253 — ; .
s — (=145 —jog5 + — ( S
4 TOTESS nia G 300
5 =97253 —o. . 0.7253 + @ 34
71.45) 5 — (—0.6 1 1 i:i}
! o

[

[

Ha(s)

I

We know for T =— 1 sec

Hoy - e

i ] [ ey Lis >—1
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-I-herefol"e
o (s) — 0.7253 + 71.754 0.7253 — 51.754
1 — e Td5g—(FGoe,—1i + 1l — e 1.45570.6 —1
4+ _—(0.7253 + 0.35) —0.7253 + 0.3
1 — e O0B8eg—F146.—1 V' J _ 06,7145, 1
_ 1.454 4 0.1839=—1 —1.454 + 0.2307=—"1

1—- 03872 + 005522 ' T —0.1322=-—1 + 0.301=-2
This can be realized using parallel form as shown in Fig. 5.63.

P, T I.454 W
—1
4
) & e O-3B7 0. 1839 —T
pi
=
—0.OS55
r
o i —l.Aas4 _ T r"l.:’ y{n)
Iz—j !
01322 02307
-+
r
=-1
—0. 301
Fig. 5.63
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