DIGITAL SIGNAL PROCESSING EEC-602

UNIT-2
(Lecture-5)

Design of Infinite Impulse Response Digital Filters:
Butterworth Filters
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Butterworth Filters

The Butterworth low pass filter has a magnitude

response given by x| = 7 o ;‘: o T (1)
+ c '

Where A 1s the filter gain and Q_ 1s the 3dB cut-off
frequency and N 1s the order of the filter. The
magnitude response of the Butterworth fitter 1s shown
In ﬁgure. . |H(:"Q)| | |

T
0.707A —— . -

N1 (< N2)

2 (< N3)

Raj Ranjan Prasad



DIGITAL SIGNAL PROCESSING EEC-602

Butterworth Filters

The magnitude response has a maximally flat pass-
band and stop-band. It can be seen that by increasing
the filter order N, the Butterworth response
approximates the ideal response. However, the phase
response of the Butterworth filter becomes more non-
linear with increasing N.

The design parameters of the Butterworth filter are
obtained by considering the low-pass filter with the

desired specifications as given below.
5, <|HE/*)|<1,0s0s0, (2a)
|H(e/®)| 8y mp<s0sm (2b)
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Butterworth Filters

Using eq. (1) mn eq. (2) and 1f A=1, we get

%S 1+(Q 1/9 >N ) === (3a)
1+(Q21/Qc)2N Sl - (3b)
Eq.(3) can be written in the form
@,/90% _-515— 1 (4a)
(©,/Q)%N 2 313— -1 S (4b)
Assume equality and divide eq.(4b) by eq. (4a)
(Q, Q)N = (U8 - 1)/(18] - 1) --------- ®))
1 log {[(1/83 - D/(V/8] - 1)1} __________ (6)
N=o Tog (Q5/9))
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Butterworth Filters

The value of N 1s chosen to next nearest integer to the
value of N.

Using eq. (4a) , we get

The value of Q, and (), are obtained using Q = 2/T
[tan(w/2)] for bilinear transformation or Q = /T
impulse invariant transformation.
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Butterworth Filters

The transfer function of the Butterworth filter 1s
usually written in the factored form as given below

Niz B, Q¢ N=2,4,6,.. ========- 8
H(S)'--l_[ 52+kacS+CkQE | ( )

k=1

of,

H(s) = N=3,5,7, . _____
s+cg Q, kl:Il s? +b, Q.5+0¢;, QF » (9)

The coefficients b, and ¢, are given by
b, =2sin [(2k - 1) /2N ] and ¢, = 1------ (10)
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Butterworth Filters

The parameter B, can be obtained from

N/2

A=1]] Bs,foreven N _______________ (11)
k=1 -
(N -1)/2 .

A= HBk,foi:OddN """""""""" (12)
B=1

The system function of the equivalent digital filter 1s
obtained from H(s) (eq.8 or €q.9) using the specified
transformation technique (bilinear transformation or
Impulse invariant transformation)
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