24EC403-DIGITAL SIGNAL PROCESSING

UNIT 2-DESIGN OF IIR FILTERS

Design a digital Butterworth filter satisfying the constraints

0.707 <|H(e )

<1 forOﬁa)S%

‘H(e "W)‘ <0.2 for:%” <w<r

With T=1 sec using Impulse invariant method.

Solution:
Given data:

Pass band attenuation ¢z, = 0.707 ; Pass band frequency @, = % ;

. 3
Stop band attenuation ag = 0.2 ; Stops band frequency @; = Tﬂ )

Step 1: Specifying the pass band and stop band attenuation in dB.
Pass band attenuation oz, = —20log 61 = —20log(0.707) = 3.0116dB

Stop band attenuation g = —20log 62 = —201log(0.2) = 13.9794dB
Step2. Choose T and determine the analog frequencies (i.e) Prewarp band edge frequency

w, =Q,T = ZRad / Sec
2

w; =Q T :3—ﬂRad / Sec
4

Step3. To find order of the filter
| 10%t% —1
Og 10 100-1% _1

QS
log ., Qip

N >

S I
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3

N >

|0g i
i

2

(0.9998
23.945
log(1.5)
, log (0.20433)
log(1.5)
_ —0.6896

~ 0.17609
>3.924

Rounding the next higher value N=4

Step 4: The normalized transfer function

H, ()= -
*77 (52 +0.76537s + 1)s? +1.84775 +1)
Step 5: Cut off frequency
@S %
o 3 (lOO'lap _1) 1/2N
N "L
Q, = 2 -2 __157Rad/Sec

(10°¥3% _1)s  (0.9998)s

Step 6: To find Transfer function of H(s):
H(s) = Hy(s)]y- s

157

H(s) = ;
(2 +0.76537s +1)(s? +1.8477s +1)

S o
1.57
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1

(e otz lc) ot}

(1.57)"
H(s)=15 2
(s +1.2025 +2.465)(s? +2.902s + 2.465)
Step 7: Using partial fraction expansion, expand H(s) into

*

A A B B

*

H =
) (s+1.45+ jo.6)+ (s+1.45— j0.6)+(s+0.6+1.45j)+(s+0.6—1.45j)
To find Aand A*:
A=H (S)|S:—1.45—j0.6

_ (1.57)" |
= 1. e 0.6
(s+ 95/ ) )(S +1.450.6)(s+1.45— j0.6)(s” +2.9025 + 2.465)

S=-145-j06

(1.57)" |
(s+1.45— j0.6)(s? +1.202s +2.465)

(.57)*
(~1.45— j0.6+1.45— j0.6)(~1.45— j0.6)° +1.202(~1.45— j0.6)+2.465)
(1.57)°
j(1.2)[1.7425+1.74 ] —1.7429 — j0.7212 + 2.465]
~ (1.57)* N 5.003
 —j(1.2)2.465+ j1.0188] 1.0188- j2.465
_ 5.063(1.0188 - j2.465)
- 7.114

A=0.7253+ j1.754; A*=0.7253 - j1.754
To find Band B*:

A=H(s)|

$=-0.6-j1.45

_ (s+o.6/ j1.45) ( (1.57) |

s+1.45+ j0.6)(s+1.45— j0.6)(s+0,641.45])(s+0.6-1.45])

$=-06-j145
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- (-0.6— j1.45+1.45+ j0.6)(—0.6— j1?45 145 jO.6)(—0.6— j1.45+0.6-1.45 j)'

$=-0.6-j1.45

(1.57)

(O SRR EIIEN A slenaL proeEsEINg

— j[-1.0187 - j2.468]
~ 2.095
~2.468+ j1.0187
B=-0.7253-j0.3; B*=-0.7253+ j0.3
0.7253+ j1.754 ~ 0.7253- j1.754 ~ —0.7253-0.3j = —0.7253+0.3j
H(s) = O ——+ — .
s—(-1.45-j0.6) s—(-1.45+j0.6) s—(-0.6—j1.45) s—(-0.6+ j1.45)
we know forT =1sec

H(z
@ = Z1 e"kz‘1
0 7253+ j1.754 0.7253- j1.754 —0.7253-0.3] —-0.7253+0.3]

1 e1%g -j06,-1 1_e—1.45ejo.ez—1 1—e %% —j1.45 1_e—0.6ej1.45
1.454 +0.1839z7* —1.454 +0.2307z*
H(z) = =] 2t i iz
1-0.387z"" +0.055z 1-0.1322z- +0.301z
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__________________________________________________________________________

i Design a chebyshev filter for the following specification using bilinear transformation.
1 .
; 08<[H(e")<1 0<w<027
1
1

He)]<02 06r<w<n.

__________________________________________________________________________

Solution:
Given data:
Pass band attenuation o, =0.8; Pass band frequency @, =0.27 ;

Stop band attenuationag = 0.2; Stops band frequency o, = 0.67 ;

Step 1: Specifying the pass band and stop band attenuation in dB.
Pass band attenuation ez, = —20log 61 = —20log(0.8) =1.938dB

Stop band attenuation ey = -20log 62 = -20log(0.2) =13.9794dB
Step2. Choose T and determine the analog frequencies (i.e) Prewarp band edge frequency

Q, = Ztan| 22 | = 2tan[ %27 | ~ 0.6494B
TR 2 2

0, = Ztan| % | = 2tan[ 257 )~ 2 7508
T 2 2

Step3. To find order of the filter
Olag
Cosh‘lw/iloo_lap !
N > 10 -1
Coshl(Qs]
QP
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0.649

_ Cosh™(6.5273)
~ Cosh™(4.2372)
_ 2.5632

- 2.1228

>1.207
Rounding the next higher integer value N=2
Step4. The poles of chebyshev filter can be determined by
S,=acosg, + jbsing, ,k=0,1,---,N

Where,
p _[(2k+ N-1Dr
X 2N

& =10,

e=0.75

H=e'+ [\/1+ e J
~(0.75)" +[ 1+(0.75) }

u=3

UN _ -UN
a:Qp[%}
2

} And calculate a, b,e, u
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[(2(1)+2—1)7r} _37 _ 100
2*2 4
" [(2(2) +2—1);1 _57 _ e
2*2 4
Sy =acose, + jbsing,, k=1,2
fork =1,
S, =0.375cos @, + j(0.75)sin ¢,
=0.375c0s135° + j(0.75)sin 135°
S, =-0.265+ j0.53
fork =2,
S, =0.375cos ¢, + j(0.75)sin @,
=0.375c08225° + j(0.75)sin 225°
S, =-0.265- j0.53
Step.5 Find the denominator polynomial of the transfer function using above poles.
H(s) = {S +0.265— j0.53KS +0.265— j0.53}

N {(s +0.265)° — (j0-53)2}

h

=(S +0.265)" +(0.53)°
=S%+0.5306s +0.3516
Step 6 : The numerator of the transfer function depends on the value of N.
> If N is Even substitute s=0 in the denominator polynomial and divide

the result by v1+&® Find the value. This value is equal to numerator
~ 03516  0.3516

“Viter 140750
H(s) =0.28

Step 7: The Transfer function is
NM
H(s)=——
() B

0.28

s* +0.5306s +0.3516
Step 8: Apply bilinear transformation with to obtain the digital filter

H(z) = H(s)|szg[1—z—1]

H(s) =

Tl1+27
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E

S 553064 03516 ﬁjﬁ‘?%ﬁ%—gﬁ NE

B 0.28 12"
s% +0.5306s + 0.3516 1+z7
0.28

4 2 A
LZG lej +O.5306(2[1 21D+0.3516
+7Z +7Z

0.28(1+7 ')
H(z) = =1 =
1-1.3487 1 +0.6082

Design a chebyshev filter for the following specification using impulse invariance method.
08<[HEe™)|<1 0<w<02z

-—— -
_———— - ———

H{e”)<0.2 0.67 <w<z.[May/une - 2016]

SO N ~~ /ARl | Ve o (VR -
Given data:

Pass band attenuation ¢z, =0.8 ; Pass band frequency @, =0.27 ;
Stop band attenuation g = 0.2; Stops band frequency w; = 0.67 ;

Step 1: Specifying the pass band and stop band attenuation in dB.
Pass band attenuation ¢z, = —20log 61 = —20log(0.8) =1.938dB

Stop band attenuation ey = —20log 02 = —20log(0.2) =13.9794dB

Step2. Choose T and determine the analog frequencies (i.e) Prewarp band edge frequency

Q, = % = 0.2 Rad / Sec

Q. = % = 0.6z Rad / Sec
Step3. To find order of the filter

Cosh_l /&
N S 100.10!,; _1
Coshl(gs]
Qp
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Coshl(o'&rJ
0.27

Cosh 23.945
g \ 0.562
~ Cosh™(3)

Cosh™(6.5273)
>

Cosh™(3)
>2.5632

- 1.7627
>1.454
Rounding the next higher integer value N=2
Step4. The poles of chebyshev filter can be determined by
S, =acosg, + jbsing, ,k=0,1---,N

Where,

2N
c=0.75
H=e'+ [\/1+ G J
~(0.75)" +[ 1+(0.75)” }
u=3
1/N —~1/N ]
azg{i

&, = [M} And calculate a, b, &, u

Il
o
N
S
1
—~
w
N~—"
N~
—~
w
|
|~
| I

b =0.7255
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[(2(1)+2—1)7r} _37 _ 100

2%2 4

" [(2(2) +2—1);1 _57 _ e

2%2 4

Sy =acosg, + jbsing,, k=12
fork =1,

S, =0.362cos ¢, + j(0.7255)sin ¢,
=0.362c0s135° + j(0.7255)sin 135°

S, =-0.256+ j0.513

fork =2,

S, =0.362cos ¢, + j(0.7255)sin ¢,
=0.362008225° + j(0.7255)sin 225°

S, =-0.256— j0.513

Step.5 Find the denominator polynomial of the transfer function using above poles.
H(s) = {S +0.256 - j0.513}{S +0.256 — j0.513}

~{s+0.256)° ~(jO.513) |
—(S+0.256 +(0.513)°

=S?+0.513s+0.33
Step 6 : The numerator of the transfer function depends on the value of N.
> If N is Even substitute s=0 in the denominator polynomial and divide

h

the result by v1+&® Find the value. This value is equal to numerator

033 033

Vi+e?  J1+(0.75)
H(s) =0.264

Step 7: The Transfer function is

NM

H(s)=——

(s) o

HE) = — 0.264

s°+0.513s+0.33

Step 8: Using partial fraction expansion, expand H(s) into

H(s)=Y A _A LA

Is—p, S—p, S—P,

0.264 ~ A .\ A,
s?+0.5135+0.33 s—(-0.256+ j0.514) s—(-0.256— j0.514)
0.257]j 0.257j

~ 5—(-0.256+ j0.514) s—(-0.256— j0.514)
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Step 9: Now transform a?ﬁ@% jéléﬁ%glgiéﬁ%lﬁség’é%%%tmé the digital filter

H(z)—

k=11 _ eka -1

- Zk:ll_ e T 51
0.257 0.257
- s — p0-256T o j0513T ;-1 - g — @ 0-256T o —j0513T 5 -1
-1
H(2) = 0.1954z

1-1.3483z" +0.5987z*
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