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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 an analog Butterworth lowpass filter

L. From the given specifications find the order of the filter N.

2. Round off it to the next higher integer

3. Find the transfer function H (s) for ), = 1 rad/sec for the value of N.
4. Calculate the value of cutoff frequency ().

5. Find the transfer funct; suhstitut]
nil r unction Hy(s) for the above valye of (). by substituting s
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Eieampie 54 ];esign an analog Butterworth filter that has a — 2 dB passband &
tenuation at a frequency of 20 =
30rad/sec. e rad/sec and atleast — 10 4B stopband attenuation ?

Solution
Given %= 2dB; | Qp = 20 rad/sec
ﬂfa = I'D ‘:I.Br ﬂd — 30 radl"SEC

0Ta;
log 1075
N> V1001 7
I{J_giz_‘f.
P
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TUTIONnS

M —1,

log \/ 702 — 1

Yo 20
°8 50

e

= 3.37

Rounding off IV to the next highest integer we get
N =4

The normalized lowpass Butterworth filter for N = 4 can be found from table 5.1

as 1

(s2 + 0.76537s + 1)(s2 + 1.8477s + 1)
From Eqg. (5.31) we have

H{s)=

2 = 20 — 21.3868

nc = {10[].1&3; — 1]1‘,'21\; {100.2 A 1)1;3
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The transfer function for 2, = 21.3868 can be obtained by substituting

5
— in H
5~ g A (8)

1

2
] +{1.75537[
: 1

S Y% 418477 [ i ] +1
[51.3368] s 21 .3868
0.20921 x 10°

= 752 1 16.36865 + 457.394)(s2 + 39.5176s -+ 457.394)

e, H{l=—3

. ] .
51,3868
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For the given specifications design an analog Butterworth filter.
0.9 < |H(j2)| < 1 for0 < © < 0.2m. [H(j{2)| = 0.2 for DA < 2 < .

Solution

From the data we find 2, = 0.2m: 1y = 0.4m;
from which we obtain

£ 1 = 0.2
w...-""l:-;a-s = 0.9 and Tz

priciery) |

5 T S

o9 - - - - - - " T
. \
]
]
v \\
L3
¥

R s . _,sl
L3

Q,=02x 95:5_'4“ s

Fig. 5.8 Magnitude response of example 5.5
s — D.484 and X\

= 4808 )

A 4 208

log [— ] log ——

- = _ .45
N = “n re —10 (——0_4?‘_ = 3.34

= e = Q.29
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A =
o

TUTIOZ

ie, N =4
From the table 5. = i 1
et e 5.1, for N 4, the transfer function of normalised Butterworth
H(s) = — -
(8% +0.765375 + 1)(s2 + 1.8477s 1 1)
we know 2, = 2 9% 0.2

(1091 _ 1)1/2N = 1/N © (0.484)173 — 0.24,

H(s) for . = 0.247 can be obtained b ituti i .
‘ ¥ substituting s — 094 n H(s) i.e.,
H{s) = 1
{ (== )2-1—[}.?653'? [ :
1

{{].;471-] T+ L8477 [0.24,”] +1

0.323
™)(s*> +1.3935 + 0.057672)

" (s> +0.577s + 0.0576
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Comparison between Butterworth Filter and
Chebyshev Filter

. The magnitude response of Butterworth filter decreases monotonically as the
frequency {2 increases from 0 to oo, whereas the magnitude response of the
Chebyshev filter exhibits ripples in the passband or stopband according to the
type.

. The transition band is more in Butterworth filter when compared to Chebyshev
filter.

. The poles of the Butterworth filter lie on a circle, whereas the poles of the
Chebyshev filter lie on an ellipse.

_ For the same specifications, the number of poles in Butterworth are more when
compared to the Chebyshev filter i.e., the order of the Chebyshev filter is l+.=:.ssf
than that of Butterworth. This is a great advantage because less number O
discrete components will be necessary to construct the filter.
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5.9 Steps to design an analog Chebyshev lowpass filter TYTITT
L From the given specifications find the order of the filter IV.

2. Round off it to the next higher integer.
3. Using the following formulas find the values of a and b, which are minor and

major axis of the ellipse respectively.

1N _ ,—1/N 1/N 4 ,—1/N
:gp[" 2” ] b:gp[” 2;: ]

a

where
p=ecl+ve2+1
E: 1/100.10])__1

Q, = Passband frequency
— Maximum allowable attenuation in the passband

Cp

(- For normalized Chebyshev filter Qp = 1 rad/sec)

198 o . . . .
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4 Calculate the poles of Chebyshev filter which lie on an ellipse by using the
. Calculate

formula.
S = acos ¢r + Jbsin di k=1,2,...,N

T 21&.‘.—"1] =12_,N
wherecbk:'é""[ oN ) " . »

v . ing’ bove poles.
dthed minator polynomial of the transfer function using the a pe
5. Find the deno

6. The numerator of the transfer function depends on the value of N.

(a) For N odd substitute s = 0 in the denominator polynomia] =
value. This value is equal to the numerator of the transfer fun

(.- For N odd the magnitude response | F(jS§2)| starts at 1)

nd fing
Ction, the
(b) For N even substitute s = 0 in the denominator polynomial 5

& . nd djy;
the result by v/1 + £2. This value is equal to the numerator, divig,
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Example 5.6 Given the specifications ¢, = 3dB; o, = 16dB; f,

= 1KH; a
s, s . nd
i 2 2 KHz. Determine the order of the filter using Chebyshev approximation. Fing
H(s).

Solution
From the given data we can find

Qp
Qs

2w x 1000 Hz
27 < 2000Hz

2000 7 rad/sec
4000 71 rad/sec

and o, = 3dB; a; — 16dB.
Step 1:

e S SN
- dex - e
l Q T =1 _ cosh—! 1093 -— 3
o i 1 40007
2

COSs _
P 20007

= 1.91
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Step 2: Bnunding N 1o next higher valye we get N

For N even, =%

the oscillatory curye starts from -+
Step 3: The values of minor axje and major gx; e
1S ca

#zE_-]"F 1-1—5 -3,,2414 =1
0= 0, Y [(2.414y1/2
2 = 2000 0244) 72— Qa1 o
1/N ~1/N 9
b=, (2.414)172
= MpTTT Ty T = 2.4]¢ ¢ -
’ 2 20007 22 214) 7 + (2.414) 12 g0

2
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Step 4: The poles are given by

Sk = A COS Yy +'jb5in D, == 1,2
™ (2k — 1)

iy m o
le — "'2' —+ E - 5'.35
T 3 o
¢2 = "‘2— -+ T = 225
S1 = acos ¢ + j bsin ¢y = —643.467 + j15547
82 = a cos ¢ + j bsin ¢pe = —643.467 — F15547

Step 5: The denominator of H(s) = (s + 643.46m)% + (1554m)2

2 -
(643.46m)* + (15547)° __ (4414 38)2x2
14+€

. (1414.38)2#2
The transfer function H(s) = 3% & 128775 + (1682)2n2 "

Step 6: The numerator of H(s) =
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