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SECTION A (TOTAL: 50 marks)

INSTRUCTION: Answer ALL questions in Section A.

Please use the answer booklet provided.

Question 1

(a) An automatic Kinect servo bracket, used to track the human's palm. The output
shaft, driven by the motor through a worm reduction gear, has a bracket attached

(b)

{c)

on which are mounted two RGB cameras. |dentify an appropriate block diagram
of control system so that the system follows the palm movement.

(3 marks)

The accurate control of a satellite position is important for monitoring illegal logging
activities. Assuming the number of mechanical gears present is proportional to
the turning angle, an odometric unit is used to measure the turn in degree. The
current, i (1), is proportional to the turn in degree. Complete the control system of

the satellite and identify an appropriate block diagram describing th_e operation of
the feedback control loop.

(3 marks)

In a food and edible process control system, it is valuable to control the edible
chemical compound of the food. To do so, a measurement of the compound can
be obtained by using an mass spectrometer. The valve on the additive stream

may be controlled. Identify an appropriate block diagram describing the operation
of the conirol loop.

(2 marks)

Increasing number of modern car have sensors that able regulate air-purifying
systems for the health of the passengers. Identify an appropriate block diagram of
an air-purifying system where the sensor automatically sets the interior air-quality

and display on a dashboard panel. Identify the function of each element of the
sensor fusion controlled air quality system.

{2 marks)
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Question 2

An s-domain frequency response function transfer function is given as follows,

K

Gls) = 5000 (3 1) (5 + 1) (35 + 1)

(a) Using Bode plot methods, illustrate the asymptotic approximation for log-magnitude
and phase plots.

(14 marks)
(b) ldentify the range of K for stability.
(3 marks)

{c) Using asymptatic approximation technique, identify gain margin, phase margin,
zero dB frequency, and 180° frequency from your Bode plot for K = 10°,

(8 marks)
Question 3
A block diagram for a feedback control system is shawn Figure 1.
R(s) + E(s) ‘ K % )
: ) g3+ 1852 + T7s
Figure 1: Feedback control system.

(a) ldentify the closed-loop transfer function for Figure 1.
(3 marks)

(b) Construct the Routh table for closed-loap transter function of Figure 1.
(3 marks)

(c) Solve the range of X for the closed-loop transfer function of Figure 1 that cause
the system o be stable, unstable, and marginally stable. Assume X > 0.

(9 marks)
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SECTION B (TOTAL: 25 marks)

INSTRUCTION: Answer ONE (1) question in Section B.
Piease use the answer booklet provided.

Question 1

As a control system engineer at Hoover Dam, you have been assigned to develop
a system that able to regulate the sluice gate opening based on reservoir level and
downstream level measurement. Within this development, a fuzzy system has been
chosen as the control ool to determine the desired status of the sluice gate control
system which then reflect the desired turbine's speed that have been installed to
generate electricity.

For this Fuzzy-based sluice gate control system, the inputs are:

X1 = reservoir level = low, medium, high, ranging from 0 to 14 kilometer
X2 = downstream level measurement = low, medium, high, ranging from 0 to 30 meter
Figure 2, Figure 3 and Figure 4 describe the membership function of reservoir

level, downstream level and turbine's speed accordingly. The Fuzzy set rules are
given by:

e If reservoir level is LOW and downstream level is LOW, then turbine’s speed
VERY LOW

e If reservoir level is LOW and downstream level is MEDIUM, then turbine's speed
LOW

o if reservoir level is LOW and downstream level is HIGH, then turbine's speed
MEDIUM

o If reservoir level is MEDIUM and downstream level is LOW, then turbine’s speed
VERY LOW

e If reservoir level is MEDIUM and downstream level is MEDIUM, then turbine's
speed MEDIUM

e If reservoir level is MEDIUM and downstream level is HIGH, then turbine’s
speed HIGH
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o If reservoir level is HIGH and downstream level is LOW, then turbine’s speed
MEDIUM

If reservoir level is HIGH and downstream level is MEDIUM, then turbine’s
speed HIGH

o If reservoir level is HIGH and downstream level is HIGH, then turbine’s speed
VERY HIGH
{a) Construct the matrix representation of fuzzy rules.

{2 marks)

(b) On a Cartesian plot, generate a relevant membership area and the output for
gvery rules, when

X1 (reservoir level) = 6 kilometer
X2 (downstream level) = 16 meter
(18 marks)
(c) Suggest the membership value which represent the water pressure for,
X1 {reservoir level) = 6 kilometer

X2 (downstream level) = 16 meter

(5 marks)
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Question 2

Fy(t)

(a) Actual. -

Figure 5: Automotive suspension system.

A simplified automotive suspension system in Figure 5a can be represented as a
mass, spring and damper system as shown in Figure 5b. The motion of two masses
M, (body weight) and M; (tyre weight) that are subjected to externally applied forces
F (1) and F(¢) is constrained by two springs and two dampers in the system. The

spring and constants are ky, kp, by and by respectively. The symbois x) and x, are
used to represent the displacement of M; and M.

(a) With aid of free-body-diagrams, determine the expressions for spring and damper
forces acting on the masses M, and M.

(9 marks)

(b} Using mathematical derivation, determine the expressions of the equations of
motion of the two masses M, and M,.

(8 marks)

{c) By applying the Laplace transformation to the equation of motion, determine

that the Laplace transforms of the system output X, (s) and X; (s) are given by
gquations (1) and (2):
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(6 marks)

_ R(s)+X%(s)[sh +h]
Xl (S) B M152+Sb§ +k1 (1)
X, (S) B (S) +Xi (S) [Sbl +k1] (2)

Mys? +s[b1+ b +hi+ ke

(d) Discuss any necessary conditions that have to be satisfied for the above expression
for X, (s} and X (s} to be correct.

(2 marks)

END OF EXAMINATION PAPER
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