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1.

A real lowpass transfer function G(z) of impulse response {h(n)}is given as the
sum of two allpass transfer functions in the form

G(z) = A () + 27 4,(2%)
where on the unit circle z = e’
Al (61‘29) =e’%® 4nd Az(eﬂ@) = /(@+4: ()
The allpass transfer functions are to be designed such that ‘G(efg)l 18 equiripple

both in the passband and stopband, where
2-¢ <[G(e”) <2 within —6, <6 <6, (Passband)

0<[G(e”)|< &, within 6, <|6]< 7 (Stopband).

The ripple widths ¢ and ¢, are small. &, is the cutoff frequency.
i) Determine an expression for \G(efg)I in terms of Ag=|4(0)-4,(6).

ii) Find the maximum passband and the minimum stopband values of A@ in

terms of & and &, respectively.
iii) Show that G,(z)=A4(z*)-z"4,(z*) is a highpass transfer function.

iv) Express the cutoff frequency and impulse response of the highpass filter in
terms of the corresponding lowpass parameters.
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2. Define the normalised group delay z(8) of a discrete time system of transfer

function H(z) . Derive the relationship

d .
0) = —Im| —(ln H(e’%))|.
«(6) n{dg( ( )ﬂ
Let the transfer function of a real allpass system of order 72 be given by

fﬂn:§4@)

-0,z <1.

where A4,(z)= (

j, a, = pe’ and |p,

i

i)  Show that the phase response of 4,(z) is given by

arg(4,(e’®)) = -0 —2arctan psin(f-y,) ’
1-p,cos(d—v,)
ii) Show that
arg(4, (")) ~ arg(4 (e ) = .

iii) Hence, or otherwise, determine the value of the integral for the allpass system

[7(6)do .
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3 Explain what is meant by terms computational complexity and twiddle factors in
the context of evaluating the Discrete Fourier Transform (DFT). Derive the
computational complexity of a N-point DFT.

It is given that N =N;N, with N; and N, co-prime. On the data array
{x(n)}, 0<n< N-1, it is proposed to carry out the following 1-D to 2-D
mapping

0<m <Np-1 }

n=(4m +Bm),, {OSnz <N, 1

0<k <Ny -1
k= <Ck1 +Dk2>N
0<ky <Np-1
where <M >  means a reduction of the number A/ modulo N .

Derive the conditions that must prevail on the products AC, BD, AD, and BC in
order that all possible twiddle factors in the 2-D DFT computation are eliminated.

Show that the following set of parameters satisfies these conditions
A=N,, B=N, C=N2<N2‘1> ,D:N1<Nf1>
N1 Ny

where <L_1>P denotes the multiplicative inverse of L evaluated modulo P .

Hence outline the algorithm for the computation of the N-point DFT.
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4. Consider an ideg] linear-phase lowpass digita] filter transfer function & (z).
On the unit circle » — e’ H (2) takes the values
eM T g ®
M M

0 elsewhere

He?y=

where Af is g positive integer.

Sketch the amplitude response of H (ejwqﬁr)) forr=0, »

Let H(z) be expressed as

M~1]

H2)=5 z7m ()

where A (2) are some appropriate subfilter transfer functions,

2,
By replacing z by ze M
k, or otherwise, show that ion H (z) is given by the
expression

What is the amplitude response of H,(z*)9
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5 The signal flow graph of an oversampling A/D converter is shown in Figure 2. The
connecting block S is a two-input, single-output linear system described by
V=aX+ pU where ¢ and [ are appropriate transfer functions. The block

labelled O[.] is a bipolar one-bit quantiser, which introduces quantisation noise Q
as indicated.

By making appropriate assumptions derive an expression for the output ¥ in terms [ 10 ]
of X, ¢ and g and the quantisation noise Q. 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 1s /(z).

Show that under these conditions a = L and g = Fe)-1 { 7

F(z) F(z) ' [s\

Give an account of the factors that influence the choice for F(z).

Draw the signal flow graph of the interconnecting block S when F(z) = (1- z"l) [ 8
and reduce it to a form that contains only one accumulator.
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