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Q1  

(a)  Explain, helped by sketches, what amplitude, gain, phase and phase shift are 
and why frequency response is useful for biomechatronic systems control.                                                       

  [8 marks] 
 

 
(b)  Figure Q1 (b) shows a Bode plot. 

 
i) Estimate the gain margin and the phase margin. 

[4 marks] 
ii) Explain the functions of gain margin and phase margin in systems 

control. 
[4 marks] 

iii) Comment on the system’s stability performance. 
 [2 marks] 

 
iv) Explain the system’s Peak Resonance 𝑀𝑀𝑝𝑝 and Bandwidth. 

 [3 marks]  
 

 
 

Q1 continues over the page…. 
 

PLEASE TURN THE PAGE…. 
 

 

Figure Q1 (b) A Bode Plot 



Page 3 of 12 
School of Engineering 
BEng (Hons) Advanced Biomedical Engineering  
Semester One Examination 2019/2020 
Advanced Biomechatronic Systems  
Module No. BME6003 

 
Q1 continued…. 

 
(c) The following figure Q1 (c) shows a sinusoidal input and output of a biomedical 

system. Given the input frequency is 3 rad/sec. Please determine the gain and 
phase. 

[4 marks] 
 

Figure Q1 (c) shows an open loop Bode plot. 
 
 

Total 25 marks 
 
 
 
 
 

PLEASE TURN THE PAGE…. 
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Q2  

A simplified model of a prosthesis limb control system is shown in Figure Q2 and 
the control system for the prosthesis dynamics is given by: 

 

𝐺𝐺𝑝𝑝(𝑠𝑠) =
6

(𝑠𝑠 + 2) (4𝑠𝑠 + 5)
 

 

 
 

Figure Q2 A prosthesis limb 
 

 
The system responses for a unit step input are required as:  
• The maximum overshoot is less than 12%  
• The rise time is less than 0.7 seconds  
• The steady-state error is 0  

 
(a) If Gc (s) is a PID controller with Kp = 5, Ki = 2 and Kd = 3, find the range of the 

gain Kp making the system to be an underdamped system for unit step input. 
examine the actual system’s percent overshoot, rise time and steady-state 
error under the PID controller and check whether the design criteria have been 
achieved or not.  

[14 marks] 
 

(b) If the design criteria haven’t been achieved by using the PID controller provided 
above, explain the procedure to modify the PID controller.  

[3 marks] 
 

(c) Describe, helped by sketches, how the error item is handled by proportional, 
integral and derivative controller.  

[8 marks] 
 
 

Total 25 marks 
 
 
 

PLEASE TURN THE PAGE…. 
 
 
 
 

Output (s) 
 

- + 

Input (s) 
Prosthesis limb 
Gp (s) 

Prosthesis limb 
Gc (s) 

Measurement = 1 
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Q3  

(a) Using block diagrams, briefly explain discrete time signal processing for 
feedback and feedforward system.  

 [6 marks]  
 

(b) Explain what is meant by a zero-order hold (ZOH) system.  
[4 marks]  

 
(c) A controller of biomechatronic system consists of a Digital to Analogue 

Converter with zero order element in series with the processing centre which 
has a transfer function 

𝐺𝐺𝑝𝑝(𝑠𝑠) =
3

𝑠𝑠(3 + 𝑠𝑠)
 

 
Find the sampled-data transfer function, G (z) for the digital control system. The 
sampling time, T, is 0.5 seconds.  

 [7 marks] 
 

(d) A controller has a 12 bit Analogue to Digital Converter with the signal range 
between 0 Volt to +10 Volt:  

 
(i) What is the resolution of the AD converter?  

[2 marks] 
(ii) What integer number represented a value of +7.5 Volts?  

[2 marks]  
(iii) What voltage does the integer 1345 represent?  

[2 marks]  
(iv) What voltage does 010101011101 represent?  

[2 marks]  
 

Total 25 marks 
 
 
 
 
 
 

PLEASE TURN THE PAGE…. 
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Q4 

(a)  A typical op-amp has an open loop gain function of; 𝐴𝐴𝐴𝐴 = 106

1+𝑗𝑗 𝑓𝑓
20𝐻𝐻𝐻𝐻

 sketch it’s 

graph and label the open loop gain in decibels and the open loop corner 
 frequency.                                                                                       [5 marks] 
 

(b)  If an op-amp signal conditioning circuit is shown in Figure Q4(b), sketch it’s 
closed loop magnitude and phase graphs, indicating the closed loop gain and 
corner frequency if it uses the transfer function from part(a).  [10 marks] 
 
 

 
Figure Q4(b) 

 
(c)  A high pass first order filter is connected to the input of the amplifier  

(in part b), sketch the new circuit and calculate the corner frequency if the 
high pass filter  uses a  resistor of 100kΩ  and a capacitor of 100nF. 
       [10 marks] 
 

Total 25 marks 
 
 
 

 
 
 
 

 
PLEASE TURN THE PAGE…. 

 
 
 
 
 
 
 
 
 

R1
100kΩ

R2
10kΩ

Vs
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Q5 

(a)  When describing an OP-Amp, what is meant by the terms; transition frequency   
bias currents and slew rate. [6 marks]                                                                                     

 
(b)  For the circuit shown in Figure Q5 (b) calculate the output voltage.                       

                    
                                                                                                                     [10 marks] 

 
Figure Q5 (b) 

 
(c)  A biomedical signal processing circuit is shown in Figure Q5 (c), derive the 

equation for the output signal,  if Vs = 10mV sin (1000t) using 

 𝑦𝑦 = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 then 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑠𝑠𝑎𝑎𝑎𝑎𝑠𝑠𝑠𝑠𝑠𝑠.       [9 marks]
                                                                                

 

Figure Q5 (c) 
Total 25 marks 

 
PLEASE TURN THE PAGE…. 

V1
20mV 

V2
12mV 

R1

10kΩ
R2

12kΩ

V3
12mV 

R3

15kΩ

Vo

R1

10kΩ

C1

1nF
Vs

Vo
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Q6 

(a)  A Biomedical system has the following closed loop transfer function; sketch 
the magnitude and phase plots and the final plot.                        
                                                           [10 marks] 
 

𝑇𝑇(𝑠𝑠) =  
10(𝑠𝑠 + 10)
𝑠𝑠 + 5

 
 

(b)  Describe what is meant by gain and phase margins.  
                                                          [2 marks] 

 
(c)  A low pass filter is shown in Figure Q6(d), derive the transfer function and 

sketch magnitude and phase.  
[6 marks] 

 
(d)  By deriving the transfer function for the circuit shown in Figure Q6 (d) and 

converting to the s-domain, sketch the pole zero diagram and indicate on the 
diagram all relevant points. 

[7 marks] 
 

 
 

Figure Q6 (d) 
 
 
 

Total 25 marks 
 
 
 

END OF QUESTIONS 
 
 
 
 

PLEASE TURN THE PAGE FOR FORMULAE SHEETS…. 
 
 

 
 

R1

10kΩ
L1
1mH
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Formula Sheets 
 
Blocks with feedback loop 
 

G(s) =  
Go(s)

1 + Go(s)H(s)
  (for a negative feedback) 

 

G(s) =  
Go(s)

1 − Go(s)H(s)
  (for a positive feedback) 

 
Steady-State Errors 
 
𝑒𝑒𝑠𝑠𝑠𝑠 = lim

𝑠𝑠→0
[𝑠𝑠(1 − 𝐺𝐺𝑜𝑜(𝑠𝑠))𝜃𝜃𝑖𝑖(𝑠𝑠)]  (for an open − loop system) 

 

𝑒𝑒𝑠𝑠𝑠𝑠 = lim
𝑠𝑠→0

�𝑠𝑠
1

1 + 𝐺𝐺𝑜𝑜(𝑠𝑠)
𝜃𝜃𝑖𝑖(𝑠𝑠)�   (for the closed − loop system with a unity feedback) 

 

𝑒𝑒𝑠𝑠𝑠𝑠 = lim
𝑠𝑠→0

�𝑠𝑠
1

1 + 𝐺𝐺1(𝑠𝑠)
1 + 𝐺𝐺1(𝑠𝑠)[𝐻𝐻(𝑠𝑠) − 1]

𝜃𝜃𝑖𝑖(𝑠𝑠)�   (if the feedback H(s) ≠ 1) 

 

𝑒𝑒𝑠𝑠𝑠𝑠 = lim
𝑠𝑠→0

�−𝑠𝑠
𝐺𝐺2(𝑠𝑠)

1 + 𝐺𝐺2(𝐺𝐺1(𝑠𝑠) + 1)
𝜃𝜃𝑑𝑑(𝑠𝑠)�   (if the system subjects to a disturbance input) 

 
 
First order Systems 
 

G(s) =
θo
θi

=
𝐺𝐺𝑠𝑠𝑠𝑠(𝑠𝑠)
𝜏𝜏𝑠𝑠 + 1

 

 

𝜏𝜏 �
𝑑𝑑𝜃𝜃𝑜𝑜
𝑑𝑑𝑑𝑑 �

+ 𝜃𝜃𝑜𝑜 = 𝐺𝐺𝑠𝑠𝑠𝑠𝜃𝜃𝑖𝑖 
 
𝜃𝜃𝑜𝑜 = 𝐺𝐺𝑠𝑠𝑠𝑠�1 − 𝑒𝑒−𝑡𝑡 𝜏𝜏⁄ �  (for a unit step input) 
 
𝜃𝜃𝑜𝑜 = 𝐴𝐴𝐺𝐺𝑠𝑠𝑠𝑠�1 − 𝑒𝑒−𝑡𝑡 𝜏𝜏⁄ �  (for a step input with size A) 
 

𝜃𝜃𝑜𝑜 = 𝐺𝐺𝑠𝑠𝑠𝑠 �
1
𝜏𝜏�
𝑒𝑒−(𝑡𝑡 𝜏𝜏⁄ )   (for an impulse input) 

 
 
 
 
 

PLEASE TURN THE PAGE FOR MORE FORMULAE SHEETS…. 
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Second- order Systems 
 
𝑑𝑑2𝜃𝜃𝑜𝑜
𝑑𝑑𝑑𝑑2

+ 2𝜁𝜁𝜔𝜔𝑛𝑛
𝑑𝑑𝜃𝜃𝑜𝑜
𝑑𝑑𝑑𝑑

 + 𝜔𝜔𝑛𝑛2𝜃𝜃𝑜𝑜 = 𝑏𝑏𝑜𝑜𝜔𝜔𝑛𝑛2𝜃𝜃𝑖𝑖 
 
𝐺𝐺(𝑠𝑠) =

𝜃𝜃𝑜𝑜(𝑠𝑠)
𝜃𝜃𝑖𝑖(𝑠𝑠)

=
𝑏𝑏𝑜𝑜𝜔𝜔𝑛𝑛2

𝑠𝑠2 + 2𝜁𝜁𝜔𝜔𝑛𝑛𝑠𝑠 + 𝜔𝜔𝑛𝑛2
 

 
𝜔𝜔𝑑𝑑𝑑𝑑𝑟𝑟 = 1/2𝜋𝜋               𝜔𝜔𝑑𝑑𝑑𝑑𝑝𝑝 = 𝜋𝜋          
 
p.o.= exp( −𝜁𝜁𝜁𝜁

�(1−𝜁𝜁2)
)× 100% 

 
𝑑𝑑𝑠𝑠 = 4

𝜁𝜁𝜔𝜔𝑛𝑛
                 𝜔𝜔𝑑𝑑 = 𝜔𝜔𝑛𝑛�(1 − 𝜁𝜁2) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
PLEASE TURN THE PAGE FOR MORE FORMULAE SHEETS…. 
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END OF FORMULAE SHEETS 
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