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Question 1 

(a) A processor is described by the linear difference equation 


y[n] =x[n] +4x[n - 2] 


Find the transfer function of the processor and hence write down the unit sample 
response sequence ofthe processor. [6] 

(b) A unit-step function u(t) is sampled every T seconds. Find the z-transform of the 
resulting sample sequence, assuming that the value of the unit step at time t =0 is 1. 
What is the z-transform ofthe sampled unit step delayed by T seconds? [4] 

(c) 	A voltage signal is modelled as the sinusoid 


vet) =5 cos(3t + 0.5) 


Express the signal in terms ofthe exponential frequency components and sketch the 

frequency-domain representation ofthe signal [6] 

(d) List any two (2) digital signal processing applications. [2] 

(e) Find the z-transform ofthe following: 

(i) 	 x(n) = 10 u(n) [2] 
(ii) 	 x(n) = (O.5)n sin(0.257m) u(n) [5] 

Question 2 

(a) Given two sequences 

Xl (n) = ~(n) - 28(n - 2) and 

x2(n) = 38(n -- 3). 

(i) 	 Determine the z-transform of convolution of the two sequences using the 

convolution property ofz-transform. [4] 

(ii) 	 Determine the convolution by the inverse z-transform from the result in (i). [4] 

(b) Find the inverse ofthe following functions: 

X(z) = 4- ~-	 _z_ [3]
(i) 	 z-l z+O.5 

(ii) 	 X(z) = -5z + 10z + 2z [3]
z-l (Z_1)2 (Z-O.8)2 
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(c) Convert the following transfer function into its difference equation. 

HCz) -
z2-1 

-	 z2+1.3z+0.36 
[6] 

(d) Draw the functional block 	of the digital signal processing scheme and state the 
function ofthe last block in the diagram. (5] 

Question 3 

(a) Given the following difference equation, 

yen) = 0.5 x(n) +0.5 x(n - 1) 

(i) Find H(z) 	 (2] 
(ii) Determine the impulse response yen) ifthe input is x(n) =4o(n); (3] 

(b) Given the filter 	
II' 

I - O.9z-1 - O.lz-2 
H(z) = I 0 3 1 004" ,+ . Z- - • z-

Realize H(z) and develop the difference equation using the following form 

(i) Direct-form I (5] 

(ii) Direct-form II [5] 
(iii) Cascade (series) form via first order-sections (5] 
(iv) Parallel form via first oder-sections (5] 

Question 4 

(a) Design a 5-tap FIR band reject filter with a lower cut-off frequency of2 kHz. and an 
upper cut-off frequency of2.4 kHz. and a sampling rate of8 kHz using the Hamming 
window method. Then, determine the transfer function. [18] 

(b) Design a bandpass FIR filter with the following specifications: [7] 

Lower stopband = 0 - 500 Hz 
Passband = 1600 - 2300 Hz 
Upper stopband = 3500 - 4000Hz 
Stopband attenuation =50 dB 
Passband ripple =0.05 dB 
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Sampling rate = 8000 Hz 

Simply show the first five (5) FIR coefficients using the Hamming window. 

Question 5 

(a) Design a digitallowpass Butterworth fiher with the following specifications: [20] 

• 3 dB attenuation at the passband frequency of 1.5 kHz 

• 10 dB stopband attenuation at the frequency of3 kHz 

• Sampling frequency of8000 Hz 

(b) A digital system is described by the following difference equation: 


yen) = x(n) - 0.25 x(n - 2) - 1.1y(n - 1) - O.28y(n - 2) 


Find the transfer function H(z), the denominator polynomial A(z)and the numerator 
polynomial B(z). [ 5] .. 
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Table 1: Properties ofz-transform 

Property Time Domain z-Transform 

Linearity axt{n) + bX2(n) aZ(Xl(n») + bZ(X2(n») 
Shift theorem x(n-m) :-mx(z)(Ie 

Linear convolution xl(n)*x2(n) = :E xl(n - k)X2(k) XI (z)x2 (z)
laO . 

Table 2: Partial fraction(s) and formulas for constant(s). 

Partial fraction with the first-order real pole: 
R X(Z)lR=(z-p)

z - p :; :=/1 

Partial fraction with the ftrst-order complex poles: 

~+ At.::: A=(Z_p)X(Z)! 
(z -P) (z - P") z :~p 

P' = complex conjugate of P 
A' = complex conjugate of A 
Partial fraction with mtb-order real poles: 

R", Rm-lR. 1 Jk-l ( .. X(Z») I 
-(z---p) + (z - pf + ... + -(z---p'/"= Rk = (k _ 1)1 dzk-I (z - pY" -;- :~p 

Table 3: S,!mmary ofic!eal imp~lse responses for standard FIR filters. 

Ideal Impulse.Response 

Filter Type hen) (noncausaJ FIR coefflCients) 


.& 
Lowpass: hen) = 1f 

{ SIn 01.)1) for n J. 0 
nli r . 

~ n=O 
- iTHighpass: hen) 
- { - sin~~,n) for nl: 0 -M ~ n-S;M 

.!!zr:::ili n=O
Bandpass: hen) = sin~Hn) _ sin~n) for n -# 0{ -M~n~M 

'IT-ilH+nl n=O
Bandstop: hen) = .'IT '. 

{ _ SID (flnn) +sm(nLII) for n .J. 0 
1111' niT r 

Causal FIR filter coefficients: shifting hen) to the right byM samples. 
Transfer function: 

H(z) = bo +blZ-1 +~z-2 + ..·b2MZ-2M 

where b,. =hen - M). n =0, 1"", 2M 
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Table 4: The Z-transform 

R.egion of 
Line No. l(n). tii2:0 z-Transfonn X(z) Convergence 

1 x(n) 

2 8{n) 

3 au(n) 

.. nu(n) 

n2u(n) 

6 

1 

8 

9 sin (fm)u(n) 

10 cos (an).(n) 

It ursin (bn)u(n) 

12 tttcos(bn)u(n) 

e-- sin(bn)u(n) 

14 

15 21A!JPrcos(n8 + q,)u{n) 
where P and A are 
complex. constants 
def"med by P = JPIL9.A = 

>X 

L:x(n}z
li=O 

J 
az 

z-t 

(z _1)2 

z(z+ 1) 
(z - I}l 

t 

z-a 
z 

<':-_0)2 
t sin (ci) 

z2 -2zoos(a) + 1 

1{! - cos (lin 
i!-2zoos(al+ 1 

[0 sin (b)]z 
z2 -[:2aoos(b)]z +a1 

Z[Z - acos(b)] 
il - [26cos(b)Jz +~2 

[e- sin (b)]z 
z2 - [le- cos (bl]z +e-2t:t 


z[z - lr<il cos(b)] 

Z2 - [2e- cos (b)Jz + e-'2iJ 


Az A*z--+-z-p z-P+ 

!AiL~ 
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Table 5: Conversion from analog filter specifications to )owpass prototype 
specifications. 

Analog Fdter Specifications Lowpass Prototype Specifications 

Lowpass: wlI/I. Waj Vp = I, V.f =W(U / wap 

Highpass: wrlpJ WaIS vp = 1. 1'$ = wup/w(U 

Bandpass: W(fJt. Waph, lI)(Lf/, Wash V = 1 v = tIIdt-tIIM'
P ..5 w..".-(8",1 

WO = .jll)apfCtJaplh ff.io = .jll)(ts/CtJash 

Bandstop: wopl. (»aph. (»0$/, Wash 

Uto = .jw8plwaph, Wo = .jUJas/wasJ/ 

(i)tIl" passband frequency edge; Q)4h stopband frequency edge; wopl, lower cutoff frequency in 
passband; Wgph. upper cutoff frequency in passband; Wasil IO'Wer cutoff frequency in stopband; 
Wasil, upper cutofffrequency in stopband; Wo • geometric center frequency_ 

7 



