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The transfer function of an ideal real coefficient lowpass filter H , (z) has cutoff frequency

0,and impulse response h,,(n). Show that H ,(-z) is a highpass filter and of cutoff
frequency 7 —6,. Find an expression for the impulse response hyp(n) of this highpass

filter in terms of the impulse response h,, (1) of the original lowpass filter.

Let 6, <—72£and form G(z)= H,,(ze’®)+ H,(ze’*). Show that G(z) is a real

coefficient bandpass filter with a passband centred at 6, . Determine the bandwidth and the
impulse response g(rn) of the bandpass filter in terms of the impulse response  h(n)
of the lowpass filter and the centre frequency g,.

Explain why such a transformation for realisable systems may not produce the bandpass

response.
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2. A polyphase digital signal processing system is shown in Figure 2.1. The individual

transfer functions may expressed in 2-phase form
Fy(2) = Ry(z") + 2R, (")

Hy(z) = Eo(zz)"'Z‘lEl(Zz)

Determine the condition that the individual transfer functions must fulfil so that the output

y(n) is a scaled and delayed replica of the input x(n)

When H,(2) =142z evaluate the minimum order Finite Impulse Response transfer

function F, (z) such that y(n) = x(n—1)

A
A

HO (Z) Fo (Z)

() Wn)

A 4

H,(-z) |~ 2 —I N

Figure 2.1
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An infinite impulse response digital filter transfer function H(z) is to be realised by the
structure shown in Figure 3.1 as H(z) =Y,/ X, . The constraining transfer function is

z7'C(z) and the relationship between H(z)and z~'C(z)is given by

a+z'C(z)
1+ az 'C(z2)

H(z)=

where —1<a<1.

Determine a set of [a b ¢ d] parameters for the interconnecting system. Comment on the

choice available and finally suggest a good selection. Justify your answer. 10 ]
Show that when IC (z)<1 on |z |= 1 then 'H (z)|s 1. [ 10 ]
Y 2
X 1
- a b ]
-1
z7C(2)
f c d
X2
Figure 3.1
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4. A stable second order transfer function is given by

a, + az’+ z?
2

4,(z)=
2(2) 1+alz'1+azz'

(a) Show that 4,(z) is allpass.

(b) It is proposed that realise A4,(z) is an embedded form as
4,(z)+

1+ BA,(2)
-1
A()=2"222
1+az

Determine expressions for @, i = 1,2 interms of &,/ and hence determine an

expression for the non-trivial frequency 6, interms of «,f atwhich 4, (z) is

completely real.

(c) A notch filter transfer 7(z) is to be produced using 4,(z) as
T(z)=a+b4,(z)

dB.

Determine the parameters aand b .

(d) Show that the 3 dB points of the notch filter 7'(z) occur at the solution of
Re 4,(2) ] =0
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The attenuation at the notch frequency 6, is infinite andat 6 =0 and 7 ,is zero ( 4 J
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5.

The signal flow graph of an oversampling A/D converter is shown in Figure 5.1. The
connecting block S is two-input, single-output linear  system described
by V=aX+pU where & and f3 are appropriate transfer functions. The block
labelled (J.] is a bipolar one-bit quantiser, which introduced quantisation noise O as

indicated.

By making appropriate assumptions derive an expression for the output Y in terms [ 5 ]
of X,& and pB and the quantisation noise O . Comment on the validity of your

assumptions in practice.

In a specific realisation it is required that a) the output has real unity gain with respect to the

input and b) the noise shaping transfer function is F(z).

1 F(z)-1
Show that under these conditions &=——— and pf=—"—
Hz) F(z)
Give an account of the factors that influence the choice for F(Z) [ 10 ]
_ -1
Draw the signal flow graph of the interconnecting block S when F(z)=(1-2") and [ 5 }

reduce it to a form that contains only one accumulator.

-

QL]

|

v

Figure 5.1
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