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QUESTION 1

(a) A digital signal processing (DSP) system is described by the difference equation
y{n)— 0.5v(n - 1) = 5(0.2)"u(n)

Determine the solution when the initial condition is given by y(-1} = 1. (10 marks)

(b) The impulse response h(n), and input x{(n) are given as x(n)=un) -
n
uln — 2); hin) = e) , 2 0. Find the response y(n) in closed form.,
(10 marks)

(¢) Find the z-transform of x(n) = n(—1)"u(n) (5 marks)

QUESTION 2

(a) Use the four-point DFT and IDFT to find the sequence

x3(n) = xy(n) @ x,(n), where xy(n) ={1,2,3, 1} and x,(n) = {4,3,2,2}.
1
(12 marks)

(b) What 1s the advantage ol using fast Fourier transform (FFT) algorithm to determine
the DFT of a discrete sequence? Using DIF-FFT algorithm, determine the 8-point

DFT of the sequence x(n) ={1,1,0,1,0,0,1,0}. (13 marks)
T

QUESTION 3
(a) ,
(i) Calculate the filter coeflicients for a S-tap IR lowpass filter with a cutoff

frequency of 800 Hz and a sampling rate of 8,000 Hz using the Hamming

window method. (10 marks)

(i) Determine the transfer function and difference equation of the designed FIR

system (5 marks)

(b) Determine the inverse z-transform of

1
X(?)) = m, IZl >1 (5 marks)

(c) Compare the Von Neumann and the Harvard architecture? (5 marks)




QUESTION 4

(a) Given a second-order transfer function

H(z) = 0.5(1-0.427%)
© 1+1.4z7 1404572

Perform the filter realizations and write the difference equations using the following

realizations: ‘
(1) Direet form I and direct form Il (10 marks)
(i1) Cascade form via the first —order sections (10 marks)

(b) Determine the 4-point DFT of the sequence x(n) = {~1,1, 2} using DIT-FFT.
(5 marks)

QUESTION 5

{(a) Design a second-order digital bandpass Butterworth filter with the following
specifications: (Use Bilinear transformation method)

s Upper cutoff frequency of 2.6 kHz and
¢ Lower cutoff frequency of 2.4 kHz,
¢  Sampling frequency of 8,000 Hz.

State the difference equation and the transfer function of the filter designed
(20 marks)

{b) Use direct Form II to realize the filter, (5 marks)




Table 1: Properties of z-transform
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Table 2: 3 dB Butterworth lowpass prototype transfer functions (¢ = 1)
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Table 3: Summary of ideal impulse responses for standard FIR filters.
Ideal Tmpulse Response
Filter Type Loy (noncausal FIR coctticients)
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Causal FIR filer coeflicients: shifting A to the right by 44 samples.
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Table 4: FIR filter length estimation using window functions (normalized transition

Width Af = |f9tap - fbassl/fg )

Stopband
Window Window Window Passhand  Attenuation
Type Functon wink, — M=p=M Length, & Rapple (dBy (d13)
Rectaneular | N —O9/AF 0741060 2]
[Lanning 0.5 4 0.5 con {58 N = 3 /AS 00540 44
Hamming 054 0 046 cos(5Y) N = 33/AF 00194 AR
Blackman 042 = 0.5 cos(45) (l.(}chs(%fi)_ N — 55/ 00017 74
Table 5: Analog lowpass prototype transformations

Filter Type Prototype Transformation

Lowpass == w15 the cutol! frequency

[Tighpass 2w, s the cutolt frequency
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Table 6: Conversion from analog filter specifications to lowpass prototype specifications.

Analog Filter Specifications Lowpass Prototype Specilications
Lowpass: @, w,, U RO 2o

[hghpass: ayg,. o4 DR BV T

Bandpass: w, . @upir. Wig. Wy v Ly :‘ji:m}%m

0y \’W twy \m '

Bandstop: @ . @, @ W vy o Ly '{{———}:—

hy \;";(")(i!!."('):i..'?h' wWhy - W

Wy, Passband frequency edger wg,, stopband [requency edger wyyy, lower cutoll frequency in

i
passband: @ upper cutolt Freqaency o passhand: wy, lower cutolt frequency in stopband:

i uppet cutoll frequency i stopbands w,, geometric center frequency.




The Z-transform
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