ANU ENGN6612/4612

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #8 Filter Structures

Q1

A digital filter defined by the transfer function:-

(@H(2) = % {1+z1+2%}
B 2

- 1-3z14z2
For eactH (2):

o |dentify the filter type (FIR or lIR).
¢ Find the difference equation.
e Draw the block diagram representation of the filter in Direct-Form |.

(b)H(2)

Q2
A digital filter defined by the transfer function:-

1
Hz)=—F—F——
@ 14+%z1-3z72
Draw the block diagram representation of the filter in
e Direct-Form I.

e Cascade Form.

o Parallel Form.

Q3
A digital filter defined by the transfer function:-

7,1 1,2
1-z7°-32

a)H(z) = —4~ 2%

1-6z 148772
PDH(Z) = ———F—
(b)H() 1-2z1+1z2

For eachH (z), draw the block diagram representation of the filter in Direct-Form II.
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Q4

A digital filter is shown in the block diagram shown below:

X[n] y[n]

& T

7
-1/3 |- > -9/8
y
71

2/9 [t————

Figure 1: Question 4.

For the given filter, find the difference equatiqnhallenge problem)
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AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control

Problem Set #8 Solution

Q1
(a) Complete Solution

Given that
1
Hz = S{1+z'+z?
@ = 3{1+z+277%
This is a FIR filter (3-point moving-average FIR filter).

Re-writing the transfer function, we have

Y2 _ 1 1, 2
X@ ~ 3 {1+ +27}
1 1X(z) 1X(2
Y@ = F@+37 32
Taking the inverse-transform, we have
1 1 1
yln = :—ax[n} + §x[n -1+ éx[n —2]

The block diagram representation of the filter in Direct-Form | is shown below:

1/3
x{n] yin]

— 1/3

—» 1/3

Figure 2: Direct-Form | implementation (FIR filter) for Question 1(a).
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(b) Complete Solution

Given that

2
T 1-3z14z2
This is an IR filter.

H(2)

Re-writing the transfer function, we have

Y(z) 2
X(zg  1-3z14z2
Y(2) = 2X(z)+3izz)—g

Taking the inverse-transform, we have
yin| = 3yln—1]—y[n—2[+2xn|

The block diagram representation of the filter in Direct-Form | is shown below:

x[n] y[n]

—»] 2 -+ >

) PU—

ENGN6612/4612

Figure 3: Direct-Form | implementation (lIR filter) for Question 1(b).
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Q2

Partial Solution

The given transfer function is

1

H(z) = ——F—5—
@ 1+3z1-%z2

The corresponding difference equation is
1 1
yin| = x[n]—Zyln—1]+gy[n—2

8
The block diagram representation of the filter in Direct-Form | is shown below:

x(n] yn]

+ >

-1/4 [ ————

1/8 [——

Figure 4: Direct-Form | implementation for Question 2.

Cascade Form

Factorising, the transfer function can be written as

1
O = iy~ Mmer®
where
Hi(z) = -
1() - (1_"_%271)
1
T

UsingHs(2) andH(z), the cascade form implementationtéfz) can be drawn.
Parallel Form

Using partial fractions,

2/3 1/3
HZ) = + = H3(2) +Ha(z
(2) 1+%Zfl 17%271 3(2) 4(2)

UsingHs(z) andHy(z), the parallel form implementation &f(z) can be drawn.
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The block diagram representation of the filter in Cascade Form is shown below:

T T -
X[n] y[n]
A 4 A J
z* z*
-1/2 |- 14 |-
Figure 5: Cascade Form implementation for Question 2.
The block diagram representation of the filter in Parallel Form is shown below:
—» 2/3 —|—
Z—l
—>
x(n]
n
12 | yn]

14 |4—

Figure 6: Parallel Form implementation for Question 2.
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(a) Complete Solution
The given transfer function can be written as
7,1_ 1,2

1-1z1-1zr

Hiz) = 1

1rizi iz2° H1(2) H2(2)

where
1
M2 = —7 13
1+3zz1-5272
7 1
H = 1--z7%'-Z277?
2(2) 22 52
Implementation oH1(z)
Re-writingH1(z), we have
Yi(z) 1
X1(2)  1+izl-1z2
. 1Y1(Z) lYl(Z)
R N

Taking the inverse-transform, we have
1 1
vl = xafn] = Zvan—1]+gyin—2]

The block diagram representationtéf(z) in Direct-Form | is shown below:

ya[n]

Xl[ n] —|— >

-1/4 [ ————

1/8 [———

Figure 7: Direct-Form | implementation éf;(z) for Question 3(a).

Implementation oH»(2)

Re-writingH2(2), we have

Ya(2) 7.1,
= l— — — =
Xo(2) 4~ 2?

7 Xz(Z) 1 Xz(Z)
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Taking the inverse-transform, we have

ol = xz[n}—‘zlxz[n—l]—%xz[n—Z]

The block diagram representationtéj(z) in Direct-Form | is shown below:

Xo[Nn] y2[n]

> -7/4

—»{ -1/2

Figure 8: Direct-Form | implementation &f,(z) for Question 3(a).

Cascading the blocks, we have

ya[n]
Xl[n] —I— 1 >

l x2[n]l v
7t z!

-1/4 | ———— 74
A Y
Zl Z-l

1/8 |a—— sl

Figure 9: Direct-Form | implementation &f(z) for Question 3(a).
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Eliminating the common delay elements, we have

x(n] yin]

T T

S
U4 |- > -7/4
y
71
1/8 | »{-1/2

Figure 10: Direct-Form Il implementation &f(z) for Question 3(a).

(b) Solution
The difference equation representing the filter is
2 1
y[n] — §y[n -1+ §y[n -2 = x[n—6xin—1]+8x[n—2

The block diagram representation of the filter in Direct-Form 1l is shown below:

X(n] yin]

+ l

.
2/3 (= »- -6
Y
71
-1/9 (- > 8

Figure 11: Direct-Form Il implementation for Question 3(b).
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Solution with Hint

The given block diagram is in Direct-Form |I.
Show the following steps:

Draw Direct-Form | implementation.
Identify the cascaded block$(z) = Hi(z)Hz(2).

Find the transfer function fdd1(z) andHx(z) respectively.

Find the overall transfer functiod (z).
FromH (z), find the difference equation.

The difference equation representing the filter is

Vi + 2yin 1) yin-2 = i~ oxin—1]

Problem Set #8

ENGN6612/4612

page 10



