SNS COLLEGE OF TECHNOLOGY

Coimbatore-35
An Autonomous Institution

Accredited by NBA - AICTE and Accredited by NAAC - UGC with ‘A+’ Grade
Approved by AICTE, New Delhi & Affiliated to Anna University, Chennai

DEPARTMENT OF BIOMEDICAL ENGINEERING

19BMB302 - BIOMEDICAL SIGNAL PROCESSING

[Il YEAR/ V SEMESTER

UNIT Il INFINITE IMPULSE RESPONSE
FILTERS

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




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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= Obtain an analog Chebyshev filter transfer function that satisfies the

Example S.
O< <2

constraints —— = |H (7)) < 1;

V2
|E{F62)) <0.1; Sfi=4

Solution

Step 1: From the given data we can find that

1 1 1 o1
V1 =2 V2 V1 + A2 d
2,, = 2 and €2, = 4, from which we can obtain £ = 1 and A = 0.95.
We know
A
cosh™" — cosh—19.95
— = = 2.269
N = h—1 N cosh—1 2
CcoSs 2,
3. For IV odd, the : . Jdatory

N to next higher value we get NV =

Step 2: Rounding :
shown in Fig. 5.12.

curve starts from unity as
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Fig. 5.12 Magnitude response of example 5. 7.

Step 3: Finding the values of @ and b

=L

M= =+ 14+="2=2414
S . — .
= pels — LN
| 2
= 0.596

By —1/n ]
b -+ S
& 1Y [

= 2.087

2

2

L

(2.41431/3 _ (2. 414)—1/3

=

(2.414)1/3 4 (2.414)—1/3

2

|
]
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Step 4:

2 aw - k=123
= 1207, ¢, — 180°, ¢y — 240°

€
—
|

We know s; = a cos Pi + Fbsin D

k=
1,2,3 from which we get

81 = € COS ¢ + b =3 .
S = ﬂ-cos'q&; 4 j_bs‘fn %1 = 0.596 Cos 120° 72,087 u
si = . & § -
§ = acos ¢z + jb i :2 _ 596 cos 159° + 32.087 A" <0208 !
sin = . sin 1 oo
3 0.596 cog 240° 4 J2.087 sin 22{;“’ = Eizg __J-'1_5~37

Step 5: The denominato
T Polynomial je o-
1S giye

n by
(s + 0.596) {(s 4 0.208) _ J1.80
807

= (s -+ 0.596)[(s 0.208)2

H(s + 0.208) + ;1.807}
= (s + 0.596) (42

+ (1.807)2
+0.5964 4 3.354) &
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Step 6: The numerator of H(s) can be obtained by substitating s = 0 (for N 0dd) n
the denominator.
Therefore the numerator of H(s) = 2

The transfer function of Chebyshev filter for the given specifications is given by
2

s +0.596)(s + 0.5065 + 3.354)

H(s]=(
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Example 5.8 Determine the order and the poles of a type I lowpass Chebyshev fil-

ter that has a 1 dB ripple in the passband and passband frequency £2;, — 100077,
stopband fregquency of 2000 and an attenuation of 40dB or more.
Solution

Given data o, — 1 dB; €}, — 1000w rad/sec; s — 40dB
2, = 2000w rad/sec

Ly — ] 10% — 1
h._]‘\/ —1
N > e 109l — 1 . cos h, 1001 — 1 4536
- . 25 g e h__12'[]DO7r - =
S Q, 10007
ie., ™M = 5
g = +100%pr _ 1 = 0.508; pm=ec '+ V1+e2=4.17
1SN — 1/ QN g LN
a= [‘“’ 2‘” ] 280.57; b = €2, [ 5 — 1041w
3 (2 — 1)
= — = __—+~  k=1,2,...5
P = 3 2N
b1 = 180°: pa — 144°; @3 = 180%; ¢pg = 216°; ¢5 — 252°
S = acos ¢y -+ Fbsin ¢y k=1, 2,...5
81 = —89.5w + F98B9; 59 — —234.27w + 7612, 53 = —289._57T
Sg4 = —234.2m — F6129r; s — —89.5m — 79897
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Examble 5.9 Design a Chebyshev filter with a maximum passba:rd attenuation of TYTIoS

2.5dB; at 2, = 20 rad/sec and the stopband attenuation of 30dB at {2, == 50 rad/sec.

Solution

Given
Qp rad/sec; o, = 2.5dB;

Q, = 50 rad/sec; « = 30dB;
We know '

I
™
=]

. cosh— ! \/s

S cosh—'1/k
A= 100 des — 1 — 31607
e =— /109 1ap _ 1 = 0.882
QP
= 2 — 0.4
K S
31.607
coash ™t —— = = .
N == 0-8182 — 2 726
—1
cosh o4
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Sk

[

Pr =
— 120°, $z = 180°, pg = 240°

3}
51
S2
53

I

el A1 2 = 265

S R L
£ [ 2“‘ | _ 66

1/N —1/N
Q, [‘“’ =l ] — 21.06

2

a cos ¢ + j'bsian_.jrk; k=1,2:3
=X ?k_l]  k=1,0.8
) 2NV i L

—3.3 4+ j18.23
—6.6 _
33— j18.23

Denominator of H(s) = (s + 6.6)(s2 + 6.6s + 343.2)

Transfer function H (s) =

Numerator of H(s) = (6.6)(343.2) = 2265.27

2265.27
(s + 6.6)(s52 + 6.65 + 343.2)
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5.10.1 Lowpass to Lowpass Filter

Given a normalized lowpass filter, it is desirable to have a lowpass filter with a dif-

ferent cutoff frequency Q. (or passband frequency €2,). This can be accomplished by
the transformation given in Eq. (5.62a)

P
Bt 5.62a)
5 — Q. ( _
%
HG)| [HGE
11.0 .
l-l-E.z F_—_--"_———‘i\\
i ®
e %
T -
e | : AN
O _—,___E'J.-’- ; o £, ﬂ‘r —_— )
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5.10.2 Lowpass to Highpass
Given a normalized lowpass filter, it is desirable to have a highpass filter with cutoff .
frequency Q.. Then the transformation 1s
— (5.62b)
5
'S r
R [HGS)
L L o s s i 3 —
S [
Jl + g2 :
ST S s
+ 22 :
a” @, Q. o
(b)
41
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5.10.3 Lowpass to Bandpass

The transformation for converting a normalized lowpass filter to a bandpasss filter

with cutoff frequencies £, £1,, can be accomplished by

S 82 4+ 0,
s(2 — )
@, = min{|Al, | B|}

A — —Q% —+ 2,82,
S1] (nu ! n!)
== Q% — £2182,
(2 — )
HER) | HG)| [
1.0 1.0

1
Jivez

(5.63a)
(5.63b)
(5.63¢)

(5.63d)
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5.10.4 Lowpass to Bandstop
The transformation to convert a normalized lowpass filter to a bandstop filter is

S(Qu =~ ﬂl)
52 80,
€, = min{|4l, | B[} (5.63¢)
2: (2. — ) b
. [P s i Rt 5.63
—0Q3 + 52, ( 9
92(521;; - QI) 5.63
—03 + e i

HGE) IHGE)|

1.0
1

(b)
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Example 5.10 For the given specifications oy — 3 dB; ¢y — 15 dB; £, = 1000 rad/sec
and £2, — 500 rad/sec design a highpass filter.

Solution

First we design a normalized lowpass filter and then use suitable transformation
to get the transfer function of a highpass filter.

For lowpass filter For highpass filter
2. — 2, — 500 rad/sec 2. — §2, — 1000 rad/sec
ﬂc = 1(;)0 rad/sec 2, = 500 rad/sec
- =

S
= THG am

L4 ]
—3

—15

L ]

Fig. 5.17 Lowpass to highpass transformation
Towpass filter specificanions
2. = €2, — 500 rad/sec; o, — 3dB
£2, =— 1000 rad/sec; oy, = 15dB

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

44

TUTIOZ




We havwe

1 <%
Fats i =
log 1 /%
A= 100ty ] — 5 533
= R 100-Toe I = 1
o — _.f“"l'.; =
2. 0.5
Th — lops.533 _ - -
el Z\e.;ore M BE=E = 2.488, Approximating to next higher integer we hawe

H (=) for £2. = 1 rad/sec and N — 3 is

F(s) = 1
(s +1)s2 + 5+ 1)
To get highpass filter having cutoff frequency

e = 2, — 1000 rad/sec
1000
=

Ha(s) = H(s)| 1000

s
1

(s -+ 1)(s% + s+ 1)|__ 1000

Substitute s —

&
a3

(s 4+ 1000)[s2 + 1000s + (1000)2]
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