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1. The signal flow graph of an A/D converter based on oversampling techniques is shown in Figure 1.

The block indicated by S in the figure is a two-input, single-output linear system described by

=aX + 4§’ where o and [ are appropriate transfer functions which may be frequency

[0:0S dependent. The block labelled (J[.] is a bipolar one-bit quantiser, which introduces quantisation noise

Q as indicated.

i) By assuming the quantiser to be linear and by making additional appropriate assumptions derive an
expression for the output ¥ in terms of X', @ and f and the quantisation noise (). Comment on the

validity of your assumptions in practice. [6]

In a specific realisation it is required that the following conditions be satisfied: a) the output needs to
have real unity gain with respect to the input, and b) the noise shaping transfer function is required to

be F(z).
1 7(2) —
if) Show that under these conditions @ = —— and f = M [4]
F(z) F(z)
ii1) Give an account of the factors that influence the choice for F(z). [5]

iv) Draw the signal flow graph of the interconnecting block S when F(z) =(1- 71 ) and reduce it to

a form that contains only one accumulator. [5]
S l
X o Y Y

o

orj

Figure 1
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2. 1) Show that the real transfer function _
2 ta

4(z,0)=——

la| <1
' l+az
is allpass. [2]

Hence show that for real £ the transfer function

4y (z,a, B) = 4 (— 274 (z,a),,@)

is also allpass. [3]

if) Determine the non-trivial frequency 6 at which 4, (z,«, f) is completely real and hence provide

arguments to support the view that 1(z) is bandpass and /,(z) is a complementary bandstop,
where

Hi(2) =51~ dr(z.c.9)

Hy(2) = %(1 + Ay (z,a, )

Hence determine the centre frequencies of the two filters. [6]

iii) Show that the bandpass filter attains its 3dB values at the frequencies that satisfy the condition
Re[Az (2,02, [J’)] =0 for ‘z‘ =
[6]

iv) Comment on the practical utility of these results. [3]
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4. An infinite impulse response digital filter transfer function H(z) is to be realised by the structure
shown in Figure 2 as H(z) =Y,/ X, The constraining transfer function is z'C(z) and the

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

-1
+
i) o z_1C(z)
1+a27C(2)
where —1 < <1.
1) Determine a set of {a b ¢ d} parameters for the interconnecting system. [7]

i) Comment on the choice available and its implications. Suggest a good selection and justify your
answers [5]

iii) If [ C(z) |< 1 on | z|=1 show that | H(z) |<1. [8]
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5. 1) Define the root moments {S,} of a Finite Impulse Response transfer function

Ny

H(z)= KH(] ~az[10-p2")

i=]
where m is the degree of the moment, K is a constant, «, are the zeros inside the unit circle and 3, are

the zeros outside the unit circle and show that if /7(z) is real then so are its root moments  [2]

if) If H(z) is minimum phase show that its root moments decrease exponentially with the index m.[2]

iii) Show that if the amplitude and phase responses are respectively A(€) and ¢(8) then
o §M 4 gt
In(4(9)) =1In(K,) - —=——=cos(m6)
m=|

m

N _ SNZ

#(0) =—n,0 + i Tsin(m &)

where K, is an appropriate real constant, S " are the root moments of the minimum phase factor and

S N * the inverse root moments of the maximum phase factor of H(z). [12]

iv) Hence, show that for the transfer function H(z) to have linear phase it must have zeros located

outside the unit circle, and determine their number and location in relation to the number of zeros
located inside the unit circle. [4]
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