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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

UNIT Il INFINITE IMPULSE RESPONSE FILTERS

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




Example 5.31 Design a Chebyshev lowpass filter with the specifications a,, = 1dB
ripple in the passband 0 < w < 0.2m, a5 = 15dB ripple in the stopband 0.37 < w <

7, using (a) bilinear transformation (b) Impulse invariance. -

Solution

Given data ap = 1dB;wp = 0.2m; ag = 15dB;ws = 0.3m.
Prewarped frequency values: Since we intend to employ the bilinear transforma-
tion method, we must prewarp these frequencies. The prewarped values are given by

(Assl!me T=1 sec);

2 wp 0.2m _
2 w 0.3m
(l, = ——1:::3‘.11—2‘E = 2tan —— = 1.02
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® I
TUTION S
Value of IV J— 1 T g
100. s — (_‘OSh_’ o )
cosh"l \/1:—"‘“"_" 10 1 — 301

Fite Ll ghssee—=" 02

i

-7 =11
N = cosh_'l g_f-_ cosh 0.65
P

Let us take NV = 4.
Axis of the ellipse

W know & = W 109 09— ] = 0.508
p=g"l41+E2= 4.17

[MI/N ol lfN:I - [(4.17) ( ) ]
a — Slp . 5 5

== (L2

prm—

19BMB302 - Biomedical Sighal Processing / Unit-3 / Dr. K. Manoharan, ASP / BME / SNSCT 83



B o
L BS ¢

TUTIOZ

1/N ~1/N T b bl B )
b:ﬂp[”f =F ]~0.65[( ) (4.17)

2 "o 2
= 0.6918
T 2k — 1)
¢’k=§—|—( 2N) ke=1,2.8,4

@1 = 112.5°; @2 = 157.5°, ¢p3a = 202.5°%; ¢p4 = 247.5°.
The poles are

S = acos @i + jbsinor: k = L, 2yl

$1 = a.cos @1 + jbsin ¢y = 0.237 cos 112.5° + j0.6918 sin 112.5°
= —0.0907 + j0.639

82 = @ OS2 + jbsin ¢ = 0.237 cos 157.5° + j0.6918 sin 157.5°
= —0.2189 + j0.2647

53 = acos gy + jbsin ¢g = 0.237 cos 202.5° + j0.6918 sin 202.5°
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L 2SS
- S TUTION
0.237 cos 202.5° 4+ ;j0.6918 sin 202.5°

—0.2189 — ;0.2647

0.237 cos 247.5° + j0.6918 sin 247-5°
= —0.0907 — j0.639
The denominator Polynomial of

Hs) =

S$3 = @ COs @g + jbsin ¢pg =

S4 = acos @4 + jbsin ¢y =

[(s + 0.0907)2
(82

|

+0.18 (0.639)%]((s + 0.2189)2 4+ (0.2647)°]
TS+ 0.4165) (s> + 0.43785 + 0.118)

(0.4165)(0.118) — 0.04381.
V1 + g2

, 0.04381 ‘

The transfer function H (s) = (s2 + 0.1814s + 0.4165)(s2 + N.4378s + 0.1180)

The z-transform of the digital filter

As N is even, the numerator of H(s) =
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O =

TUTIONnS

H{z)—‘:H(S)’ 21 —2-1
Al

0.04381
H(2) = 752 + 0.1814s + 0.4165)(s? + 0.4378s + 0.1180)

‘ l—z“l
=11z
v P 1800

0.04381(1 + 2z~ 1)* -
{41 — z71)% + 0.1814 x 2(1 — 2=2) 4+ 0.4165(1 + z~ )_1}2
{4(1 — z71)? +0.4378 x 2(1 — 2—2) + 0.1180(1 + z~')*}
0.04381(1 + z~1)* .
(4.7794 — 7.1668z "1 + 1.05382-2)(4.9936 — 7.764z~" + 3.2424z72)

0.001836(1 + 2 -
_ . _ s .
~ (1 —1499z71 + 0.8482z-2)(1 — 1.55482~1 + 0.64932

I

—1)4
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® I3
(b) Impulse Invariance Method Cum 'S
Given data wp = 0.27; ws = 0.3m; ap = 1dB; as = :
(. w= QT and
I = 1sec)

$is Ws 0.3 15
Value of / ~
| it g1
4/ 1godes — 1 01 ]
COSh ___lﬂ_____-—— _ 3.9

The Analog frequency ratio Q, - :p T 0.2«
100197 — 1 _ cosh™

ol = —-*"’“‘fr cosh™1(0.5)
cosh™ Q,

V to a higher value, we get N = 4.

Rounding the value of
Axis of ellipse

5 M (‘},‘Iﬂ 1)” - .\!\T — ]191 ) -'hr
AT ?_d :—d)N " ‘) (=
l — . Ty .)i

o
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ba = 247.5°
€ = /10010, — 1 — /1091 — 1 = 0.508
=14 V14e"2=4.17

1/ N _ L —1/N 71}'4 . 4 17—1_."4
a=Q, [” =2 ] = [4 . = 0.229
' 1/N —1/N 1/4 —1/4
b:np[“ gl ]= [417 +417 ]:0.67

The poles of the filter

S = acosgy + jbsingg; k=1,2,...4

S1 = acos ¢ + jbsin ¢ = —0.0876 + j0.619
82 = acos ¢z + jbsingpa = —0.2115 + 70.2564
83 = acos ¢z + jbsin ¢z = —0.2115 — 50.2564
84 = acos ¢gq + jbsin ¢4 = —0.0876 — 50.619

The denominator polynomial of

H(s) = {(s + 0.0876)% + (0.619)2}{(s + 0.215)2 + (0.2564)2}
= (s® + 0.1755 + 0.391)(s2 + 0.423s -+ 0.11)
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TUTIONnS

For Weven
(0.391)(0.11)

The numerator of H(s) = = 0.C
= .03834.
H(s) = 0.03834
(s2 + 0.175s + 0.391)(s2 + 0.423s + 0.11)
— A A’
s — (—0.0876 + 37.619) ' 5 — (_0.0876 — j0.619)
3 5t o

= : -+
s — (—0.2115 + j0.2564) ©~ s — (—0.2115 — 70.2564)

—0.0413 + j0.0814

Solving for A, A*, B, B* and using A
0.0413 — j0.2166

B

Il

Impulse invariant transform

N

i.e., E Ck s

.k—-—-]s__pk

Cpe
1 — epkrjiz—'l

Mz

k=1

l

we can obtain

—0.083 — 0.02452—1

0.083 + 0.0238=z!
1 — 149271 1 08392 =

1— 1.56z—1 | 0.6652 2

H(=z) =

19BMB302 - Biomedical Sighal Processing / Unit-3 / Dr. K. Manoharan, ASP / BME / SNSCT 95



Example 5.32 . Desi-gn a Butterworth filter using the impulse variance method for the
following specifications
0.8 <|H(e™¥)| <1 0<w< 02
|H(e’*)| <02 067 <w<m

Solution
i}
iven = 0.8 fro hi —_— = i —
Give . m which & 0.75, — 0.2 from which A
4.899

wg = 0.6mrrad; wp = 0.2 rad
Wws QST - Qs 0.6

DS e =G

wp T Qp 027

log 4.899

1 A -

N logXe TP 075 _1m
logl/k log 3

st higher values we have N = 2.

Approximating to neare
ized Butterworth filter is

For NV = 2 the transfer function of normal
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O I3

TUTIONnS

For N = 2 the transfer function of normalized Butterworth filter is

H(s) .
= 2% 2e41
Qp 0.2

— P = ———p =0.231
Q= Hi/F ~ ©75)/ B
Ha(s) = H(s) s—+5,/0.2317
. 0.5266
= 32 + 1.03s + 0.5266
- 0.5167 0.5167
= Sl 4 gh oL . s + 0.51 — j0.51
0.5167 0.5167
., 05165 ____ _ _
= 051 —gl51l] & (—0.51 + j0.51)
0.5167 -
. 05167 ___ ___ — B T —
Shsd= 1 — e 051770 51Tz-—1 1 — e 0-51TJ0-511 ~—1 (.. T = 1 sec)

0.3019="
1 — 1.048z— ! + 0.36z7
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