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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
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Solution
Let
J‘f{?l? — Teos(welx(re — 1) = w(n) (5.106)
then |
i) = 2 Gm(%}y{n g s ‘-"‘2"!!(1’1 e w(re) {5.11}7]

Realizing Eq.(5.106) we get

x(n) > l s win)
2

x(n-1)

-r cos ()
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y(n)

2:::0:5(1)}0} (0.~ 1)

L'l'u

y(n - 2)
Fig. 5.32 Realization of Equation 5.107

If we combine both figures, we obtain the realization of the second order digital
filter as shown in Fig. 5.33.

x(n) o) ¥{n)
L1 N/ 1!*-;-/ - --
Eid SEY Ny =]
! — r cos (gh | {:-\" 2r cos (wg)
r
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K le 5.21 Obtain the direct form-I realization for the system
Sereamis e — 0.5y — 1) — 0.25%(n — 2) 4+ x(n) -+ 0.4x(n — 1)

ference eqguation (7t)

by dif-

Solution
Le
L :L’{ﬂ) == 0-4I(TL — 1) = m{n) (5.108)
then y(n) = 0.5u(r — 1) — 0.25y(rr — 2) + w(n) (5.109)
Realizing Eq.- (5.108) and Ea. (5.109) and combining we gct
x(n) h L S
) ; k= O
'|r' 1
2! E-E[
0.4 05
x(n—1 E :
e i 5 y(n-1)
i
B
~RL y(n-2)
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5.14.2 Direct form II realization
Consider the difference equation of the forﬁ
N M
y(n) = — > axy(n — k) + > brz(n — k) (5.110)
k=1 k=0
The system function of above difference equation can be expressed as
M
v _ 2™
EH - - k=0 < -
1+ E apz "k
k=1
Lee XE2) _ ¥Y(2) W(z)
Wiz) 1
X{=z) N
1+ E akz_"‘
63
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21 z-1

— - win—N) w(n— M) bm
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27 cos{wp)y(n—1)—riyl”

Example 5.22 Realize the second order system y(mn) =
2) +~ x(n) — rcos(wplx(n — 1) in direct form II.

Solution

Given y(n) = 2r cos{wop)y(rn — 1) — y(n — 2) + x(n) — r cos{wp)xz(r — 1)

The system function

Y (=) '_:: 1L —rcosfep)z—1 (5.116)
X (=) 1 — 27 cos{wp)z=—1 + rZ2z—32
¥ (=) ¥ (=) (=)
Let —_— = . =
X (=) Wiiz) X(=z)
Y L
where 7[.-{,_?({;—)} = 1 — rcos{wg)z=""1 (5.117a)
Wi=) _ . 1 (5.117b)
am— X{=}) 1 — Zrcosf{ig)z—! + r2=—2
From Eq. (5.117a) we obtain Y (z) = W (z) — rcos{wp)z W (=z)
which gives us
() = w(n) — rcos(uwelw(s — 1) (S5.118a)
and from Eg. (5.1 17b) we have
W(z) = X (=) + 2rcos(wp)z W (z) — +Z2"21 (=) which gives us
win) = x(n) + 2r cos(wo)w(n — 1) — rw(n — 2) (5.118b)
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We realize Eq. (5.118a) and Eq. (5.118b) and combine them to get the direct

form 11 realization.
x(n) . . w(n) N
]
. 2r cos (wy) Lw{n-l} =r cos (0y)
Iil ' |
|

Fig. 5.39 Direct form |l realization of example (5.21)
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Example 5.23 Determine the direct form II realization for the following system
y(n) = —0.1y(n — 1) +0.72y(n — 2) + 0.7z(n) — 0.2522:(n — 2)

(AU ECE May'07)
Solution

The system function is given by

Y (2) 0.7—0.252:~3 (5.119)
X(z)  1+0.1z0 —0.72z-2

Let

Y(2)
W(z)
Y(z) =0.TW(z) — 0.25222W (z)

— 0.7 — 0.25222
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Then

y(n) = 0.7Tw(n) — 0.252w(n — 2) (5.129,
Wi((z) 1
X(2z)  1+0.12"1!—0.72z—2
W(z) = X(2) — 0.1z W (2) + 0.7222W (2)
then w(n) = x(n)— 0.1lw(n — 1) + 0.72w(n — 2) (5.12y

Similarly let

If we realize Eq. (5.120) and Eq. (5.121) and combine them we get direct fon,
I_I realization of the system shown in Fig. 5.40.

wiin)

- - (DY

-

0.72 ; —0.252

Fig. 5.40 Direct form Il realization of example (5.23)
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Example 5.25 Realize the system with difference equation y(n) = %y{n -1
ty(n —2) + x(n) + lz(n—1)in cascade form.

Solution

Froan the difference equation we obtain

o B Y{z} __ 1+ %z'l
=% " 13z 1+32 2
L4 gz
—> | 31 = ;_”_1) = H]_(Z)Hglzz}
(1— 3= )( F
: 1+ 221 1
where H3(z) = 1_—;3 and Hz(z) = = iz—l
H1(2z) can be realized in direct form II as
x{n) = x,(n) F iy — wrgn)

2 13
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Similarly, H2(z) can be realized in direct form II as

Xa(n} - ¥2(n)

__'..+ =

7=l

1/4

Cascading the realization of H;(z) and Hs(z) we have

x(m) =x;(n)

+ ey T s y(n)

- +

~1

1/2 ]!3 1/4

Fig. 5.48 Cascade realization of Example 5.25
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5.14.6 Parallel forri: striccture

A parallel form realization of an IIR system can be obtained by performing a partial

expansion of

N
H (=) =c+z__"_k____ (5.123)
=1 Brmss pkz_l
where {pi} are the poles
The Eq. (5.123) can be written as
H(z) = ¢ + =4 cz2 DN . Se— 5.124)
(=) c 1-p12—1+_1-—p2z—1'+-"'+1—p..n;2‘1 (
Y (=)
H(z) = 2y = ¢+ Hi(z) + H2(2) + ... + Hn(2) (5.125)
Now =
(5.126)

Y(z) = X (2) + H1(2)X(2) + Hao(2)X(2) + ... + Hn(2)X(2)
The Eq. (5.126) can be realized in parallel form as shown in Fig. 5.49.

XL}

LI
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Example 5.26 Realize the system given by differénce equation y(n) =
yln - 1) + 0.72y(n — 2) + 0.72(n) - 0.2522(n - 2) in parallel form,

Solution
The system function of the difference equation is

0.7 — 0.252272
H(z) = 170121 - 072272
0.35 — 0.0352"
=035+ 70 1571 - 0.7222
0.206 0.144
= 0.3+ 770,951 1082

= ¢+ Hy(2) + Ha(2)

73
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i (=) can be realized in direct form T1T as

s Ll e _ wu(m)
— T4 A 0. 206
z—-—l
—i
0.9

Ho(2) can be realized in direct form IT as

:-:fn]l_,-—:
= O 144
(.5

MNow the realization of E (=) is shown in Fig. 5.50.

wWalm}

0.35
=) 0. 206
& -+
—G
» T 0. 144 2
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Example 5.27 Obtain the direct form I, direct form 11, cascade a!lld paralle
realization for the system y(n) = —0. ly(n — 1) + 0.2 _ 2} 4 3x(n)+36
1) + 0.6x(n — 2) ¢ ) 2y(n ) ()

Solution
Direct form I
Let 3z(n) + 3.6Z(n — 1) + 0:6z(n — 2) — w(n)

y(n) — —-(?.ly('n- - 1) + 0.2y(n — 2) + w(n)
By inspection, The direct form | realization is shown in Fig. 5.51.

5 P wi(n) e (n)
2"} T Z0
x(n — 1) 3 ) =21 Jy(n—1)
=
z’L'] r;_'
0.2 y(n — 2}

x(n —2)

Fig. 5.51

Direct form | realization of example 5.27
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Direct form II

From the given difference equation we have

_ Y(2)  3+4+362z7!+0622

Hiz)= X(z) 1+0.1z-!'-0.2z"2

The above system function can be realized in direct form II as shown in Fig. 5.52.

i) 3 eyl

0.2 0.6 ‘

Fig. 5.52 Direct form il realization of example 5.27
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Cascade form

y(z) 3+3627" + g.82"2

we have X(z) == 14+0.12"1 — O.2zjf
(3 +0.62"1)(1 + 2" ")
= (1 +0.5z71)(1 —04z77)
3 4+ 0.627°
e AR = d
et D =T g5
R e

H2(z) = 7T - 9.4z-1

1 g
IIDUU we eli z:ldr! 2( ) CI tC Etlsi Ze IIEII C =

x(n) 3

-1
z} z

-05 | 06 | o4

-

Fig. 5.53 Cascade form realization of example 5.27
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Parallel form
—3

. —_2

Elad = 3+ 3.6= —+ 0.6= —0.222 4 0.1="1 1 : +3.82=

1+012—1 —0.22—2 0.6=—2 g3 ;3
7- X =
1 —04=z—1 14+ 0.5=—1
—1
=c+ Hi(=z) + Ha(=) — A== 1+[13iii1 +oﬁz 3
e — D2z

= _—3 4 B

1 —0.4z—1 1+ 0.5z—1

Now we realize H {z) in parallel form as shown in Fig. 5.54.

x{n) P —3 7 e
. 0.4
_ {f:} = 2
ﬁ '

— .
g- 5.54 Parallel form realization of example 5.27
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