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Question 1
A sequence of ECG signal is to be used to automate an artificial intelligence machine
for healthcare services. Before being fed into a machine learning algorithm, a feature
engineering that involves signal processing technique need to be performed on the
signal. A portion of the ECG signal, s(t), as shown in Figure Q1a undergoes a

standard transformation resulting in y(t) = s(2t) +6.
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Based on Figure Q1a and the information provided in Q1,
i) draw the transformation table.and determine the output signal. [15 marks]
ii) sketch the output transformed signal. [10 marks]

Total 25 marks

Question 2
a) State any five advantages of digital signal processing over analogue signal

processing. [10 marks]
b) Consider a causal signal that is the sum of three real exponentials such as
y(t) = 2e73tu(t) — e tu(t) + 3e 12tu(t)
where
1, t=>0
u(®) = {0 t<0

)

represents a unit step function. Find the Laplace transform of the signal.  [15 marks]

Total 25 marks
PLEASE TURN THE PAGE...
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Question 3

Consider the following stable LTI system for which the input v[n] and output y[n]

satisfy the linear constant-coefficient difference equation, namely

3 1
yIn] = 2y = 1] = vin] = Svn — 1]

Assuming that x[n] = §[n], determine the
i) transfer function [10 marks]

ii) impulse response [15 marks]

Take —— = b™u[n] and — = b"'u[n — 1].
Total 25 marks

Question 4

You have been recruited as a senior digital signal processing engineer in a company.
It was reported to you that a young engineer realised the following results by your
client and they require an interpretation to.what the Figure Q4 could represent.
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Figure Q4

Having looked at Figure Q4 closely, you identified that the analogue signal is being

digitised.

a) Determine the frequency of the analogue signal [2 marks]

[Question 4 Continues on the next page ... ]

PLEASE TURN THE PAGE....
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[....Question 4 Continued from the previous page]

b) Determine the frequency of the digital signal [2 marks]
c) Based on your knowledge how would you interpret the graph shown in Figure
Q4 and what signal processing phenomenon underpins the output digital
signal? [3 marks]
d) Based on the information depicted in Figure Q4, obtain an’ expression that
governs the analog signal [3 marks]
e) Obtain the expression for the digital signal. [15 marks]

Total 25 marks

Question 5
a) State the difference between IIR.and FIR filters. [2 Marks]

b) A causal LTI system is represented by the following transfer function:

-1

1 -2
1+§Z

H(z) =

i) Find/the equivalent difference equation that can be used to implement the

system.
[6 Marks]
ify~Z-transform method, find the response of the system to a unit-step input u[n]
[8 Marks]

iii) Determine the poles and zeros of the system. Using suitable plot, determine if
the response in 3-b-ii) above is stable or not. [6 Marks]

iv) In terms of filters, explain the filter type of the LTI transfer function. [3 Marks]
Total 25 Marks

PLEASE TURN THE PAGE...
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Question 6

Consider the following R-C-L filter circuit with a voltage source v(t) and current flowing

as shown in Figure Q6.
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Figure Q6
Determine the
a) transfer function of.the system [9 marks]
b) poles and zeros [8 marks]
c) impulse response [8 marks]

TakeR=1.0Q,L=1Hand C =2F.
Total 25 marks

END OF QUESTIONS

Formula Sheets follow over the page...

PLEASE TURN THE PAGE....
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SUPLEMENTRY RESOURCES

f(t) = L7{F(s)}

F(s) = L{f(t)}
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PLEASE TURN THE PAGE....
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END OF EXAMINATION
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