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Magnitude Response of LPF:
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Design of 1R filters from analog filters:
The different design techniques available for IR filter are
1) Approximation of derivates
2) Impulse invariant method
3) Bilinear transformation
4) Matched z-transform techniques.

Approximation of derivates:
For analog to digital domain, we get
1-z1
S = 3)
T
H(2) =H(s)|_12+ (4)
T

Mapping of the s-plane to the z-plane using approximation of derivatives.

N,
\
/
-

Convert the analog BPF with system IR filter H, (s) = ;29 into a digital IR filter by use
+

Solution: (s+0.2)
i Qidhe backward difference for the derivative. [Nov/Dec-2015]
N H(z) =H. (s) _1-2:2 S
SONES T AN =
1
HZ) = —5—
@ (s+0.1° +9
_ 1
1-z71 \?
T+ 0.1J +9

T2(1+0.2T +9.01T2)
2(1+01T) 1 2
— 7+ Z
1+0.2T +9.01T? 1+0.2T +9.01T?2

T =0.1sec,
=0.91+ j0.27

Design of IR filter using Impulse Invariance Method:

Steps to design a diqital filter using Impulse Invariance Method (11M):

Step 1: For the given specifications, find Ha(s) the Transfer function of an analog filter.
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Step 2: Select the sampling rate of the digital filter, T seconds per sample.
Step 3: Express the analog filter transfer function as the sum of single-pole filter.

N Ck
Ha(S):;S—Pk

Step 4: Compute the z-transform of the digital filter by using formula
N Ck

H@) =2 oo

For high sampling rate,

For the analog transfer function Determine H (z) using impulse invariant
transformation if (a) T=1 second and (b) T=0.1 second. [Nov/Dec-15]

’’
4
\

Solution: 5 5
Giventhat, H (s) = =

$24+3s+2  (s+1)(s+2)
By partial fraction exp ansiontchniquewecan write,

Therootsof quadratic,
S2+3S+2=0are,

H (s) 2 A n B _—3i.BZ—4X2

T (s4D)(5+2) s+l s+2 5

2 2
A=— 2 X = =2
(1) (s+2) M‘S_l —1+2

2
=——=-2
-2+1

5=—2

B

2
" B
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~H(@s) = 2 + =2

s+1 s+2
Byimpulsein var iant transformation weknowthat,

A A
s+p, l-ePzt
S 2 wh =1,p2 =2
M@ = S T Where pr =1,z = -
Hg=_ - +_ 2
l-eTz7 1-e?7
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(@) WhenT =1second
2 -2

= +
H (Z) l _ e,lz,l 1 _ e—2 Z—l
2 2 2(1-0.1353z°1) - 2(1-0.3679z7Y)

H(z) = + =

1-0.1353z% 1-0.13537 (1-0.367z7Y)(1- 0.1353z7%)
_ 2= 0.27606z° — 2 + 0.7358z1 _ 0.46527°1

1-0.1353z7! - 0.36797°! + 0.0498z2 1-0.5032z + 0.0498772
0.4652z771 0.4652z771

H(z) = =

1-0.5032z71 +0.04982%  z7°(z°- 0.5032z + 0.0498)
H(2) = — 0.4652z

(z°—0.5032z + 0.0498)

(b)WhenT = 0.1second

2 -2
H (Z) = 1— e_o'lz_l + 1— e—O.Z Z—l
_ 2 N -2 _ 2(1-0 .81872") — 2(1-0.90487)
1-0.9048z1 1-0.8187z1 (1-0.8187z1)(1-0.9048z°1)

_ 2-16374z"' -2 +1.80967" _ 0.1722771
1-0.8187z! - 0.90487°! + 0.7408z2 1-1.7235z.* + 0.74087°2
0.1722771 0.1722771

H(z) = =
1-1.7235z71 +0.7408z2  77%(z% -1.7235z + 0.7408)
0.1722z

72 -1.72357+0.7408
Since,T < 1, wecancomputemagnitudenormalized transfer function, H (z).

0.17227°! 0.17227°"
H @) =T X H(2) =01X =
1-1.72357 7 +0.740822 1-1.72357F + 0.74087°2
0.1722z 0.172z

Hy(2) =T X H(z) =0.1X

72 -1.72357 +0.7408 22 —1.72352 + 0.7408

Design a third order Butterworth digital filter using impulse invariant technique. Assume sampling

period T=1 sec.
Solution:

Given: For N=3, the transfer function of a normalized Butterworth filter is given by
B 1
(s+1)(s*+s+1)
1 -1+ 0.66z1

H(s)
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Ans: H(z2) = +
@) 1-0.368zt 1-0.786z* +0.368z7
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Apply impulse invariant method and find H(z) for H(s) = 5+
(s +a)* +b?
Solution:
Given: The transfer function H(s) = __sra
(s+a)? +b?

Sampling the function produces
[e=T cos(bnT) forn >0

h(nT) = 10

otherwise

H(z) = D .e =" cos(bnT )z ™"

:;‘0|_ o (e jbnT + e—jbnT —I

= n;te z L—Z J

_Lv [ @) 5 1) | (@(aribT 5= n]
2‘n_o(e ‘Tzl) +(e ‘Tzl)

_ lr 1 + 1 |

2 L]__ p-(a-iT 71 1 _ g-(a+jb)T ;-1
1-e2T cos(bT)z?

1-2e72 cos(bT)z ! + 28Tz 2

H(z) =

s+0.1

Convert analog filter H, (s) = ———
(s+0.1)% +9

[Nov/Dec-2015]

into digital 1IR filter using impulse invariant method.

otution:

s+0.1
(s+0.1)2 +9

s+a 1-¢e2T cos(bT )zt
(s+a)2 +b? 1-2e cos(bT )zt +e2T 72

Given: Analog filter H, (s) =

s+01 1-e7" cos(bT)z? T —1sec
(s+0.1)2+9 1-2e cos(bT)z* +e%Tz2"
s+0.1 1-e%cos(3)zt

(s+0.1)2+9 ~1_op0t cos(3)z 1+ e 70172’
_1-0.9048* (-0.9899)z -1

1+1.791z71 +0.818z2
1+0.895662 *

T 11179152 % +0.8182-2

H()

’

S ———

\,
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Convert analog filter H, (s) = —————into digital IR filter whose system function is given
R Filters (s+0.1)" p3Ge 47

above. The digital filter should have (®" = 0-27) Use impulse invariant mapping T=1sec.
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Solution:
Given: Analog filter H, (s) = 5
(s+0.1)*> +36
b _ e sin bTz !
(s+a)®> +b?> 1-2e?T cosbTz! +e2Tz2
6 _ e 0Lsin( 6)z -1
(s+0.1)2+36 1-2e'cos(6)z ' +e 'z
AssumeT =1 sec.
6 . -0.2528z7*
(5+0.1)2 +36 1-2%0.8687z" +0.818z
025282

T 1-1.7374z-* + 0,818z 2

H.W: Challenge 1: An analog filter has a transfer function H, (s) = % Design a digital filter
S+
equivalent to this using impulse invariant method for T=0.2 sec. %lczwlDec 15]
71
Ans: H(z) =
@ 1-1.0378z71 +0.247z°2
2. An analog filter has a transfer function H(s) = > . Design a digital equivalent to this
$3 +6s% +11s+6
using impulse invariant method for T=1 sec.
3. An analog filter has a transfer function H(s) = % Design a digital filter equivalent to this
S +6s+

using impulse invariant method T=1 sec.

Design of 1R filters using Bilinear Transformation:
Steps to design digital filter using bilinear transform technique:

2, ®
1. From the given specifications, find prewarping analog frequencies using formula Q = __tan _

—
N

2. Using the analog frequencies find H(s) of the analog filter.
3. Select the sampling r?e of thQ}dIglt&ﬂ filter, call it T seconds per sample.

5= 2
4. Substitute T 1+z7' intothe transfer function found in step2.

\ )

Apply bilinear transformation of H(s) = (mwith T=1 sec and find H(z).[Nov/Dec-13]

Solution:
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Given: The system function H(s) = 2

Es. +1)(s+2)

in H(s) to get H(z2)

2[1-7z1]
Substitutes = =]
T L1+

Z—l

H(2) =H()[=¢/z1]
Tamt

2
B (s+1)(s+ 2)‘ o
| |

s=_|
T‘Lhz*l U

Given T=1 sec.
H(@) = ¢ RN V2 PN
I ISRl

2(1+ 2‘1)2

" (s- zflz)(4)
(1+ z*l)
T 6271

~0.166(1+ z1)?
H@)= (1-0.3327))

Using the bilinear transformation, design a high pass filter, monotonic in pass band with cut off
frequency of 1000Hz and down 10dB at 350 Hz. The sampling frequency is 5000Hz. [May/June-16]

N e

Solutiorr:
Given: Pass band attenuationor = 3dB ; Stop band attenuation as =10dB

Pass band frequency wp =21 *1000 = 20007 rad/sec.
Stop band frequency ws = 2m *350 = 7007 rad/sec.

1
T="o_1 _ 9x104 o
. - f 5000
Prewarping the digital frequencies, we have

_2 T *9%x1N-4
Q ="tan LA an (ZOOOR 2710 ) =10* tan(0.2t) = 7265 rad/sec.
T 2 2*0 2
2 osT 2 (700m *2*104)
s tan—— tan =10 tan(0.07m) = 2235 rad/sec.
2*10* 2

The order of the filter
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Iog\Im

0.1ap

N > Ijg;)“S— -1
Qp

10040 _1

log

log ——
2235
log(3) - 0.4771

log(3.25) 0.5118
N=1
The first order Butterworth filter for Qc=1 rad/sec is H(s) = 1/S+1

The high pass filter for Qc=Qp=7265 rad/sec can be obtained by using the transformation.
glC

S
7265
_)

S
The transfer function of high pass filter

1
H(s) =—
©) s+1

=0.932

S—>

S

7265
S=
S

_ S
S +7265

U sin g bilinear transformation
H(z) = H(S)| szz(l—zi]

Tz
__ s ‘
S +7265 s (1,1)

s=px10-4 | 4opm
N

_05792(1-2)

1-0.1584z1
H.W: 1. Determine H(z) that results when the bilinear transformation is applied to
2 -1 -2
Ha(s)= s° +4.525 [Nov/Dec-15] Ans: H(z2) = 1.4479+0.1783z +1.4479z
s? +0.692s + 0.504 1-1.18752z! +0.5299z 2
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2. An analog filter has a transfer function H(s) = ﬁ ,design a digital filter using bilinear
S° +6s+

transformation method.

Additional Examples:
Design a digital Butterworth filter satisfying the constraints

T
0.707 < H(el») <1 forOSmS—Z

. 3n
H(e ™) <0.2 for , SO<T

With T=1 sec using bilinear transformation. [April/May-2015][May/June-14]

Solution:
Given data: n
Pass band attenuationo, = 0.707; Pass band frequencym =~ ;
P P
2
Stop band attenuationa. = 0.2; Stops band frequencyeo = 3z X
s s
4

Step 1: Specifying the pass band and stop band attenuation in dB.
Pass band attenuationap = —20log 61 =-201log(0.707) = 3.0116dB

Stop band attenuationas =—-20logd2 = —-20log(0.2) =13.9794 dB
Step2. Choose T and d ter\mine the analog frequencies (i.e) Prewarp band edge frequency
T
2 (mpﬂ 2 fz (n)
Q, = tan |= tanl 2 |=2tan| |=2Rad/Sec
T L2) 1 [2] \4)

\ )
3n
2 OJT\ 2 )
Q = tan |= tanl 4 tan — 4.828Rad / Sec
T L2) 1 |2 | \ 8 )
)
Step3. To find order of thg filter
Q0Los — 1—|
IOglO 10010‘0 — )
N >
| log | >, | |

loka) J
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Characteristics of practical frequency

selective filters
4 )
HOQ) tHGQ)
—
PB | SB SB PR
0 o |
(a) LPF (b) HPF I
T :
HiQ) t HGQ)
SB PB SB PB | SB| pR
Q Q
(C) BPF (d) BRF
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Digital Vs. Analog filter

Analog filter

Digital filter

Analog filter processes analog input

~ and generates analog output.

They are constructed from active
(or) passive electronic
components.

Analog filter is described by a
differential equation.

The frequency response of an
analog fitter can be modified by
changing the components.

A digital filter processes and
generate digital data.

They consists of elements like
adders, multiplier and delay unit.

Digital filter is represented by a
difference equation.

The frequency response can be
changed by changing the fitter
coefficients.
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Advantages of digital filters

Unlike analog filter, the digital filter performance is not influenced by component
ageing, temperature and power supply variation.

A digital filter is highly immune to noise and possesses considerable parameters
stability.

Digital filter afford a wide variety of shapes for the amplitude and phase response.
There are no problem of input (or) output impedance matching with digital filter.

Digital filter can be osperated over a wide range of frequencies.

The coefficients of digital filter can be programmed and altered any time to obtain
the desired characteristics.

- Multiple filtering is possible only in digital filter.
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IR Filter design

Analog filter design

Butterworth Chebyshev

Elliptic filter

filter filter

Type-|
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Analog Butterworth filter design

e Step-1: from the given specification, find the
order of filter ‘N’

| l | [100as -1
08 O.Iap—l

10

N2> = 2
Q2 ¢ 1
- Q, Q, ]

A = \/] 00'l ¥ 1 Download Photoplex App

—_

Where ¢, - \/100"% T |

lw}
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Analog Butterworth filter design

e Step-2: Round off the above found ‘N’ to its
next highest integer

e Step-3: Find the normalized transfer function
H(s) for Qc=1 rad/s, for the value of N

N, polynomial

H(s) = D_. polynomial

* For Butterworth filter Nr polynomial is alway1
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e Step-4: calculate the value of cut-off
frequency Qc using,

O — Qp _ QOp

C QOO'M’ _1)/2N cUN
Step-6: Tofind Ha(s)
Step 5:

Find the transfer function

H (s) for the above values of €, by substituting s — s/ in H (s)

For HPF Ha(s) = H(s)| s—> Qc¢/s

v

For LPF Ha(s) = H(s)| s »>s/Qc
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Analog Chebyshev filter

Type-l Chebyshev filter Type-ll Chebyshev filter

1, Gl |

1
Vi+e?

1

i
i
;)I + 2% i

e}

|
I H, () |
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Steps to design of analog Chebyshev filter

e Step-1: Find N P

. 100.‘0.5-'1

o cos h \/ o

N > cosh™ A/& 5 10"
cosh™ LS cos h™ (N
P p

e Step-2: Round off the above found ‘N’ to its
next highest integer
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Steps to design of analog Chebyshev filter

* step-3: Using following formula find the values
of a & b which are minor and major axis of
ellipse respectively

IN  —IN AR o

e

Where p = &‘l + \/5'2 +1

Download Binils £ = \/;OO—IQP __1
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Steps to design of analog Chebyshev

. Step-4: filter

Calculate the poles of chebyshev filter which lie on the ellipse by using the formula
S = acos@y + jbsing, k=1,2...N

2k -1
= /2+
Where Pk ( N

)W,k=l,2...N

e Step-5: Find the Denominator polynomial of
the transfer function using the above poles
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Steps to design of analog Chebyshev filter

* Step-6:
The Numerator of the transfer function depends on the value of N.

For N = odd, substitute s =0 in Denominator polynomial & find the value.
This value is equal to the Numerator of transfer function.

For N =even, substitute s = 0 in Denominator polynomial & divide the result by

X /1 +¢2 , This value is equal to the numerator.
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7 (s+1)(s? +1.801945 +1)(s? +1.2475 +1)(s? +0.4455 +1)

’

s

Design an analog Butterworth filter that has a -2dB pass band attenuation at a frequency of 20

| L ———

rad/sec and atleast -10 dB stop band attenuation at 30 rad/sec.

\,

\

Solution:

Given data:

Pass band attenuation ap= 2 dB;
Stop band attenuation as= 10 dB;
Pass band frequency Qp= 20 rad/sec.
Stop band frequency Qs=30 rad/sec.
The order of the filter

100.1(15 —
Ioglo (IOQJ‘%—]:
N = Q)
| tog |_s |

1OKQP)

100.1*10 _1 1
log o \ [W)
N > Y
30
] log 10(2(;]

al

30
log

20
>3.37

Rounding off ‘N’ to the next higher integer, we get
N=4

The normalized transfer function for N=4.

H, (s) = -

(s* +0.76537s +1)(s? +1.8477s+1)
To find cut off frequency

Q, = .
(00 —1)

1/2N
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O, = = 21.3868

1
(100.1*20 _1)2*4
The transfer function for Qc=21.3868,
H(s) = Ha (9)]_ s

21.3868
1

S
©) (s2+0.76537s +1)(s? +1.84775+1) ~ 21.3868
_ 1 * 1
HO) = s T s Y s
| w +0.76535| |[+1 | | +1.8477| |+1
\ 21.868 ) \21.3868)  (21.868) | 21.3868)
0.20921x10°
H(s) =
© (52 +16.36865 + 457.394 )(s2 +39.5176s + 457.394 ) RN

*hhkkkhkhkhkkhkhkhkkhkhkhkkhhkhkrhhkrkhhkhhhkhhhkhhhkhhhkhihhkhkkhhkhkkhhkhkkihkhkkihhkkihkhkkihhkkihhkkihhkkhhhkkiihkiiikikx

H.W: Challenge 1: For the given specification design an analog Butterworth filter
0.9<|H(jQ)[<1 for0<Q<0.2n

IH({iQ)[<0.2 for0.4n <Q <.
HE) = ¢ 0.323

Ans: “s2 +0.5775+0.05767 2 )(s? +1.3935+0.05767 ? )

Challenge 2: Determine the order and the poles of low pass Butterworth filter that has 3 dB

attenuation at 500 Hz and an attenuation of 40dB at 1000Hz.
Ans: HE) = (s+1)(s? +1.80194s +1)(s2 +1.247s +1)(s? +0.4455 +1)

Given the specification o, =1dB;o, =30dB;Qp = 200 rad /sec; Qs = 600 rad/sec. determine the order

of the filter. Ans: N=4

Analog Low pass Chebyshev Filter:
There are two types of Chebyshev filters.
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1 H(i0)
H0O) L R
M
Y S W i L%
\ 7 AR\ ,"/ : ..'\
Bl e naor e [N X
L v \ \
' : ' \
' ' \
: ' ] \
' R 52 | \
[+ | Qe ettt deceapoaacens S e ———— i o bl -
¥ : ' N\
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-’

Given specifications ap= 3dB,as=16 dB, fp=1KHz and fs=2KHz. Determine the order of the filter
using Chebyshev approximation. Find H(s).

Solution:

Given:

Step 1:

Pass band attenuation ap= 3dB,

Stop band attenuation as=16 dB,

Pass band frequency fp=1 KHz=27*1000=20007t rad/sec
Stop band frequency fs=2 KHz=27*2*1000=4000x rad/sec
Step 2: Order of the filter

P ——

01as —1
cosh™t (%8@4&%1
\ )
N = EIEON
[
o
. 100.1*16 _1
cosh [01*3}
N > 10°%% —1
cosh™ (%%%%% )
>191

Rounding the next higher integer value N=2.
Step 3: The value of minor axis and major axis can be found as below
€ = \/(100.1*(1p _1) — \/(100.1*3 _1) — 1
p=et+1+e2 =11+ V1412 =2.414
1 1

ut - “ﬂ |[(2.414)% —(2.414) 7
a=Q, — =2000m

cosh

|
J_o10n

2
1 1
{u” v [(2.414)% +(2.414) 2

]
b=Q, ) = 4000 ) _ 2197

2
Step 4: The poles are given by
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Sk =acosdx + jbsin d; k=12
T _
bt e
Fork =1

T (2-1)
¢ ==L 1,10

T
L2 2% 2 4

T *9 _
b == (2*2-1)n _E+3_n 9950

Fork =2

2 5T %2 2774 =
s, = acosdy + jbsin ¢1 = (9101 * cos135)+ j(2197 *sin 135)
s1 =—643.467 + j1553n
s,= acosdz + jbsin ¢z = (9107 *cos225)+ j(2197 *sin 225)
s> =—643.46m — 15531
Step 5: The denominator of H(s):
H(s) = (s +643.46m ) + (1554)°
Step 6: The numerator of H(s):
(643.46m )* + (1554r )*

V1+g?

2 2
(643460 ) +(1554) _y 1 s

V1+12

The transfer function H(s) = (1414.38)'n °
s? +1287ns + (1682)"n 2

HW: Challenge 1: Obtain an analog Chebyshev filter transfer function that satisfies the constraints

1 .
— <H(jQ)|<1; for0< Q<2
I | |

substitute,s =0 H(s) =

IH(Q) <0.1 for >4
S) = > 2
(s+0.596 )6 °+0.5965 + 3.354 )

2. Design a Chebyshev filter with a maximum pass band attenuation of 2.5dB at Qr=20rad/sec and
stop band attenuation of 30 dB at Qs=50rad/sec.

2265.27
Ans: N=3. H(s) =
©) (s+6.6)6%+6.65+343.2)

3. For the given specifications find the order of the Chebyshev-I filter
op =1.5dB;as =10dB; QQ, =2rad /Sec; Qs = 30rad /sec.

4. For the given specifications find the order of the Chebyshev-1 filter
op =1dB;as =25dB; Q, =1rad /Sec; Qg = 20rad /sec.

Ans: H(
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Discrete time 1R filter from analog filter:

STRUCTURES FOR IIRSYSTEMS:
IIR Systems are represented in four different ways
1. Direct Form Structures Form | and Form Il
2. Cascade Form Structure
3. Parallel Form Structure
4. Lattice and Lattice-Ladder structure.
DIRECT FORM-I;

Challenge: Obtain the direct form-I, direct form-11,Cascade and parallel form realization of the system
y(n)=-0.1y(n-1)+0.2y(n-2)+3x(n)+3.6x(n-1)+0.6x(n-2) [April/May-2015]

Solution:
Direct Form I:
Let 3x(n) + 3.6x(n—1) + 0.6x(n — 2) = w(n)

y(n) =-0.1y(n-1) +0.2y(n — 2) + w(n)
Thedirect form | realizationis

x(n) 3 T ;> yin)
D

x(n-1) 36 (*) y(n-1)

F8 g
xn-2) HJ 0.6 - 02 : ym-2)
Direct form I1:

From the given difference equation we have

Y@ 3+3.6z1+0.622
X(z) 1+0.1z7%-0.2z2

H(z) =

The above system function can be realized in direct form Il

ey B - 27 ]
Xy R 3 ..®—.J. (n)

Download Binils Android App in Playstore Download Photoplex App



http://www.binils.com/
https://play.google.com/store/apps/details?id=binilselva.allabtengg.release001&hl=en_IN&gl=US
https://play.google.com/store/apps/details?id=com.binilselva.photoship&hl=en_IN&gl=US

www.binils.com for Anna University | Polytechnic and Schools

Y (2) _3+367 +0.62
X(z) 1+01z -0.27
_ (8+067 )(1+7")
(1+0.527)(1-0.4z77)

3+ 0.6z
H (Z) e
1+ 0.5z
H 1+ 77
Z) =
@ 1-0.4z7"

Nowwerealize H,(z) and  H, (z) and cascade both toget realization of H(z)

_’®—> y(n)

Parallel form:
3+ 3.6z +0.6z2

140177 -02z22
7 1
J’_ —
1-0.4zt 1+0.5z7%
=C+ Hi(z) + H2(2)

H(2)

x(n) > -3 ()7

y(n)

Direct form I:
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H.W: Obtain the direct form-I realization for the system described by the following differenceequations.
(1) y(n)=2y(n—1)+3y(n—2)+ x(n)+ 2x(n—1) + 3x(n — 2)
(i) y(n) =0.5y(n —1) + 0.06 y(n — 2) + 0.3x(n) + 0.5x(n —1)
Obtain the direct form-I realization for the system described by difference equation
y(n) = 0.5y(n —1) — 0.25y(n — 2) + x(n) + 0.4x(n - 1)

Direct form 11
H.W: Determine the direct form 11 realization for the following system

@ y(n) + y(n-1) —4y(n —3) = x(n) + 3x(n — 2)
(i) y() = > y(n-1) - y(n-2)+ x(0) + * x(n-1)

4 8 2 [May/June-14]
Determine the direct form Il realization for the following system
y(n) = —0.1y(n —1) + 0.72y(n — 2) + 0.7x(n) — 0.252x(n — 2)
CASCADE FORM:

1+2z27t+z272

H.W: For the system function H(z) = 3 L obtain cascade structure.
— Tzt T
‘ ] 3 1 1
Realize the system with difference equation y(n) = ~ y(n—1)— " y(n—2) + x(n) + ~ x(n —1) in cascade
4 8 3
form.

*hhkhkAhhkhkAhhkhkkhhkhkrhhkhhkhkrhhkhhhkhhkhkhkkhkhkhkihhkhkihkhkihkhkrhhkrhhkhhhkhhhkhhkhkhhhkhihkhkkihhkihhkkihikkihhkkihhkkiihkiiikkikx

Parallel form:
H.W: Realize the system given by difference equation
y(n) = =0.1y(n —1) + 0.72y(n — 2) + 0.7x(n) — 0.252x(n — 2) in parallel form.

B R R R R R R e T S R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R R R R R R R e e Y

Analoq filter design:
There are two types of analog filter design are,

> Butterworth Filter
» Chebyshev Filter.
Analog Low pass Butterworth Filter:

N Denominator of H(s)

1 S+1

2 s2 +/25+1

3 (s+1)(s2 +5+1)

4 (2 +0.76537s +1)(s? +1.84775 +1)

5 Fs +1)(s2 +O.61803§ (+1)(32 +1.6}FOSS +1) )
6 s? +1.9318555+1 s? +V2s5+1 s? +0.51764s + 1
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Problem

Obtain the parallel form realisation of the system government by the
equation y(n) = =3/8y(n—1)+3/32ym—-2)+1/64y (n-3) +x(n) +3x (n-I)
+2x (n-2)

* Soln.: Taking z-transform on both sides

Y@) ==3Y(@)z2 1+ 3Y @)22+ L Y(2)22 + X(2) +3X ()21 + 2X (2)2 2
8 32 64

Y(Z)|_1+ 3,43 52 1l X(Z)[1+32‘1 + 22_2]

|L 8 32 64 U
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Y(Z) _~ [1+3z;1+22‘2] .
X)) '"1+=z!'—z2_1 5]

s 32 e |
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Problem  Cont..

. Y@ z|z+ 2][z+1]
- X(@ [z-025][z+05][z+0.125]
H(z) |2+ 2][z+1]

; [2-025][z+05][z+0.125]

H(z) A B C

z [z-025]" [z +0.5]"[z+0.125]
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Problem  Cont..

- H(2) |2+ 2][z+1]
A=[z-025 _[,_n9&].
L | 2 | o [2-025] |2 -0.25][z+05][z+0.125]| _ ..

e A=10

5~ [2+05] H@)) _ [24+05] |2+ 2][2+1]

2 |z-0.25][z+05][z+0.125]| ..
e B=2.666
c=[z+0125]18%)  _[740.125] [2+ 2][z+1]
Z 7=—0.125 [Z _ 025] [Z+ 05] [Z + 0'125]‘20.125

e C=-11.67
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Problem  Cont..

H(z) 10 N 2.666 11.67

;  [2-025] [2+05] [z+0.125]

H(z) =10 z +2666f z 1-11.67p z
L7 -0.254 L7 +0.5] "z +0.125]

1 1 1
@) =10 0 o5 % st | 01252 7]

H(z) = Hi(z) + H2(2) + H3 (2)

Download Binils Android App in Playstore Download Photoplex App



http://www.binils.com/
https://play.google.com/store/apps/details?id=binilselva.allabtengg.release001&hl=en_IN&gl=US
https://play.google.com/store/apps/details?id=com.binilselva.photoship&hl=en_IN&gl=US

www.binils.com for Anna University | Polytechnic and Schools

Problem  Cont..
Y () _ 10

@ = 5 T 1 0252

Y, (@= 10X@)+025z"Y, (2

Y2 (Z) _ 2.66
X (2) 1+0.5z"

Hy () = 2@ _ _ —11.67 _
X (z2) 1+0.125z=z
Y,(2) = —11.67X (2)—-0.125z7" Y (2)
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Problem

Download Binils Android App in Playstore

Cont..

X(2)

10. -

-11.67

Y,(2) Y(2)

+ +{-9—>

—

c
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