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Question 1.

(@)

A second order system has the following transfer function:

250
s2 + 35s + 250

State, with reasons, whether the system is underdamped or overdamped.
[2 marks]
Find the response of the system to a unit step input.
[8 marks]
A second order system has the following transfer function:

450
s2 + 25s + 225

(i) Find the natural frequency w,,, the damping ratio { and the damped
frequency w,. [6 marks]

(i) Calculate the peak time and the rise time for the system [6 marks]

(i)  Calculate the percentage overshoot for the system to two significant
figures. [3 marks]
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Question 2

(a)  Consider the system block diagram shown in Figure 2a.
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Figure 2a

By applying the rules for block reduction, find the transfer function to
represent this system as a single block.
[15 marks]

(b)  Consider the system block diagram shown in Figure 2b.
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Figure 2b

Calculate and simplify the closed loop transfer function for the system.
State, with reasons, whether or not the system is stable.
[10 marks]
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Question 3

Consider the control system shown in figure 3

. + .
Set point . _ . K _ N G(S) | Process varlah.If.-

Figure 3

The controller K is a proportional controller, the plant is

4

G(s) =
) = Z 7 T6s 7 20

and the system uses unity negative feedback. We wish to design the controller so
that the overshoot does not exceed 15% and the steady state error for a unit step

input does not exceed 0.1.

(i) Write down the open loop transfer function of the system. [2 marks]
(i) Find an expression for the steady state error for unit step input in terms of K.
[4 marks]

(i)  Find the range of values for K for which the steady state error does not
exceed 0.1. [4 marks]
(iv)  Find the closed loop transfer function of the system. [3 marks]

(V) Find expressions for the natural frequency and the damping ratio in terms of
K. [5 marks]

(vi)  Find the value of the damping ratio that gives an overshoot of 15%. [3 marks]

(vii)  Find the range of values for K for which the overshoot does not

exceed 15%. [4 marks]
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Question 4

a)

b)

Figure Q4 shows equivalent circuit of a biopotential electrode. A pair of these
electrodes are tested in a beaker of physiological saline solution. The test
consists of measuring the magnitude of the impedance between the electrodes
as a function of frequency via low-level sinusoidal excitation so that the
impedances are not affected by the current crossing the electrode—electrolyte
interface. The impedance of the saline solution is small enough to be neglected.
Sketch a Bode plot (log of impedance magnitude versus log of frequency) of

the impedance between the electrodes over a frequency range of 1 to 100,000

Hz. [10 marks]
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[ |
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Figure Q4.

Clinical diagnoses depend on the accurate and efficient design of biomedical
instrumentation. As a biomedical engineer you are tasked to graphically
represent the clinical diagnoses process to help improve the differential
diagnosis process. Assume the patient coming into the clinic is complaining

about abnormal breathing.

[8 marks]

Please turn the question continues...
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c) Sensors are an essential part of all biomedical instrumentation systems.
Classify the sensors into three different types based on their working principle.
Give three examples of each type of sensors.

[7 marks]

Total 25 marks

Question 5

a) A piezoelectric sensor has a capacitance C=50 picofarad (pF). Sensor
leakage resistance is 20 gigaohm (GQ). The amplifier input impedance is 5
megohms (MQ) and later changes to 500 megohms (MQ). Calculate the lower
corner frequency for both values of input impedance.

[8 marks]

b) As a biomedical engineer you are tasked to design a temperature sensor. It is
essential as a design engineer to make sure your instrument is accurate and
precise. Assume you calibrate your device by taking 10 consecutive readings.
How would you graphically display the accuracy and precision in this case?

[10 marks]

c) Medical instruments after a period of usage need to be calibrated. Assume
you were given the task to calibrate a thermometer. Design a calibration
mechanism in this case while keeping in mind that the hysteresis loop, one-

point and two-point calibration examples discussed in the lecture.
[7marks]

Total 25 marks
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Question 6

a) Most sensors used in biomedical instruments are analogue in nature. The
use of analogue signals is prone to noise in the system which eventually
leads to system error. Identify and graphically explain the techniques you

would employ to reduce noise in the systems. [8 marks]

b) Explain the role that the plasma membrane plays in the cellular organisation.
How can we represent the permeability of the plasma membrane
mathematically? Is the plasma membrane thickness inversely or directly
proportional to the permeability?

[8 marks]

c) You have been given the task of developing a capacitive sensor. The 2 cm?
capacitance sensor has a resistance R of 200 megaohms (MQ). Calculate ‘X',

the plate spacing required to pass sound frequencies above 10 Hz.

[9 marks]

Total 25 marks

END OF QUESTIONS
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FORMULA SHEET

1 f= 1
~ 2nfR " 2mRC

where R is resistance, f is frequency and C is the capacitance.
Parameters of second order systems

Relation between w,,, w; and ¢:

2
=TT o= <= =)

Relation between damping ratio and percentage overshoot:

_ _ I¢;3 _ (InA)2
overshoot = 100exp< Jl—_zz) ¢ = rnA?
Rise time, peak time, and 5% and 2% settling times:
_n—¢ _ _ _
lrise = w_d where d) = CO0s 1({) tpeak - w_d
3 4

tsettle,S% ~ ¢

t o X T—
wn settle,2% ¢

Wn

Table of Laplace Transforms

f® Fs) = | festdt
0
1 1
s
t 1
s2
o—at 1
s+a
sin wt w
s2 4+ w?
cos wt S
s2 + w?
e f(t) F(s+a)
f'@® sF(s) — f(0)
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Block diagrams

Rule Original Dlagram Equivalent Diagram
1. Moving a Y
summing  point il
beyond a block —>|_h—’ G, s G
m \_.L‘i* +.T'] S "‘I"?"I s
£
f 1 Y ]
2. Moving a| wx 4+ L ¥+ Z
summing point in _";-r G \_IG-' NGt
front a block ' . _
H | AHOS0— G G}
L=
(=]
3. Moving a| v/ L(s) v Va(s) o
takeoff point to L(:.)- Hq(s) 2(- i) = His)
front of a block
_ V3(s)
Vi) e
4. Moving al vy BE) Ve [ 5s) |
takeoff point to 1) | Hi(s) —» —| Hils)
beyond a block
il
V3(s) Hi ()
Blocks with feedback
G(s) is forward path, H(s) is feedback path.
. . G(s)
Negative feedback: VI
Positive feedback: _
1-G(s)H(s)
Steady state error Unit step [1+G(S) - Unit ramp [SG(S)L:O
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