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Part A
Question 1
(a) In implementing a digital controller hardware, two solutions are selected:

(1) Digital controller based on Micro-controller (e.g., embedded processor)
(i1) Digital controller based on Digital Signal Processor (DSP)

For each of the selection above, state what are the advantages of using this selection.

(5 marks)
(b) What are the advantages of using digital control instead of using analogue control? Give 6
reasons. (5 marks)
Question 2

(a) Find the first 3 terms of the digital sequence, by applying long division inverse Z transform to

the equation below. (7 marks)
Z%+z
F(z) = z2-3z+4

(b) Find the difference equation f(k) by applying partial fraction inverse Z transform to the equation
below. (8 marks)

Z%+z
Fz) = (Z-0.6)(Z—0.8)(Z—1)

Question 3

Design a ladder logic circuit to implement the function specified below:

Function: Pedestrian crossing traffic light

Inputs: One push button (PB)

Outputs: Three coloured traffic lights of - red, amber, and green
Operation:

1. Initial (after reset) condition — green light on.

2. PB s pressed — amber light on, for 10 seconds.

3. After that, red light (stop the traffic) on, for 45 seconds.

4. After that, the circuit will reset itself, and green light goes on.

Add some explanations to your ladder logic circuit design. (10 marks)
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Question 4
Implement the following IIR filter with the minimum hardware: (15 marks)
M -
H@) = _.Zu::; bmz"
L+ 2 amz™ p=3. N=3

Part B

Question 1

Find the initial and final values of output X(z) in z domain. (10 marks)

6
X =
(Z ) 1 _ Z—Q

Question 2

-1
z—e
Let G.(2) = 22—3,+9° Gr(s)= ﬁ and R(z) = ﬁ (Unit step function as the input).

In the digital system, ZOH exists and the sampling time is 1s. Is the overall system stable, unstable or

marginally stable? Justify in detail. (10 marks)
GHP(Z)
A
Fo) Mz (" Q)
R " Guz) -/ zon Gi(s)
Computer system Plant
Fig.Q2
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Question 3

2
w
- - G(s)= < :
In the second-order low-pass Butterworth filter (s) 2+ ﬁwcs Tw? write down the

difference equation between the input and output by backward Euler discretization method. The filter

cut-off angular frequency is \/§ rad/s, and the sampling period of the digital system is Is.
(15 marks)

Question 4

10
For the PID controller design G.(s), the plant can be expressed as G,(s) = S+ 10 - Inorder to

stabilize the overall system, draw the digital PID block diagram in z domain and write down the code
to implement the PID controller in a digital unit if the sampling period is 0.1s. (15 marks)
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Laplace Time function f{),
Transform F(s) />0 z-transform F{(z)
e ot —nT) i
e """ F(s) f(t—nD) z"F(z)
f(t+nT) Z"F(2)=z" f(O) =z f(D)—...— zf(n—1)
F(s+a) e £ F(e" z)
1 unit step H(¢) _Z
s z-1
1 ) 1z
7 unit ramp ¢ (z=1)?
1 t? T?z(z+1)
s’ 2 2(z-1)°
I —at Z
S+ a ¢ g™
1 1 —at bt 1 z Z
_— o _
(s +a)s+b) b—a( ¢ ) b—a\z—e™" z-e
@ : zsinwT
SR sin wt >
S"+w z- —2zcosawT +1
s z(z—-cosawl)
3 5 cos wi 3
S +w z” —2zcosawT +1
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