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SOLUTION to Q1 

 

 

This question tests student’s understanding of: 1) using equation to model a signal; 2) 
sketching waveforms; 3) the Euler formula and the exponential representation of sinusoids; 
2) spectral representation of signals. 

(i) The signal has three components: a cosine signal at 5Hz with a 45 degrees delay, a 
3.5v dc offset, and an impulse of 0.5v at t=1.  Students are expected to produce a 
rough sketch of x(t) of the cosine signal.  However, the impulse is outside range 
of t, so can be omitted. 
   

(ii) Straight forward application of Euler’s formula: 

𝑥(𝑡) = 0.75*𝑒!"($%.'()!* '+ ) + 𝑒-"($%.'(")!* '+ )- + 2.5 + 	0.5𝛿(𝑡 − 1) 

 (iii)  
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SOLUTION to Q2 

 

This question tests student’s understanding of sampling theorem, ADC resolution and 
problem of aliasing. 

(i) Since we need to detect up to 100 kHz, sampling theorem dictates that we need to 
sample the bat signal at 200 kHz or higher.  In practical circuits, we need to choose 
a sampling rate at least 1.5 times higher than this minimum (say). Accept any 
sampling rate from 300kHz up to, say, 500 kHz.   

(ii) Since the raw signal can be up to 160 kHz, to avoid aliaising, we need to add a 
lowpass filter that suppresses signal power above 100kHz.   

 
(iii) 0.1% = 1 in 1000.  Therefore, minimum number of bits in ADC is 10-bits (210).  The 

resolution of the ADC in volts would be 5v/1024 = 4.9 mV. 

(iv) This last section is open-ended.  Mapping from one frequency range to another is 
not easy, particularly because the audio-range has a bandwidth of only 15kHz, and 
the bat ultrasound has a bandwidth of nearly 90 kHz.  One approach could be to 
detect zero crossing, count them and then produce a digital signal that changes its 
state (i.e from low to high or high to low) every 10 transitions of the bat signal. 
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SOLUTION to Q3: 

 

This question tests student’s understanding of interrupt vs polling in a real-time embedded 
system and their advantages and disadvantages. It also examines student’s understanding 
of the Python code to perform interrupts. 
 

(i) The dancing Segway project requires the embedded system to do two tasks 
simultaneously: to control the wheels of the Segway so that it will not fall over, 
and to acquire the musical sound at 8kHz.  Using interrupt to sample the music 
signal allows the main loop to perform control function and to dance without 
missing any samples. 

 
(ii) Line 2 to 10 is the interrupt service routine.   

 
Line 2 defines the interrupt service routine’s name 
Line 3 and 4 are the variables used in the ISR that has to be global, meaning 
visible inside and outside the ISR 
Line 6 is where sampling happens – it takes a sample from the microphone and 
store in the current location in the buffer 
Line  7 advances the pointer 
Lines 8 to 10 check to see if we gets to the end of the buffer (which is 200 long 
here), and reset the pointer to zero while raise the buffer_full flag 
 
Line 13 initialise a hardware timer to generate an event once every 125 
microseconds, hence fixing the sampling rate to be 8000. 
Line 14 is to tell the timer that at every interrupt event, execute the (call) the 
isr_sampling routine. 
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SOLUTION to Q4: 

 
 

This question tests student’s understanding of how cascaded system is described as product of 
transfer function. 
 

(i) 𝐴(𝑠) = %
...%/!%

											𝐵(𝑠) = %..
/!!/!0.

	    
 

(ii) Since A(s) has a very short time constant of 10ms, its impact on the transient response 
of the system is minimal.  We only need to consider B(s). With the given general form of 
a 2nd-order system, 

 
  𝐾 = 	2 
  𝜔. = 	7.07 
  𝜁 = 	0.0707 

 
(iii) The overall gain of the system at 0.32Hz or 2 rad/sec can be calculated as: 

        

|𝐻(𝑗𝜔)|12(| = <
1

0.01𝑥2𝑗 + 1
< × <

100
−4 + 2𝑗 + 50

< = 	2.172 
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SOLUTION to Q5: 

 

 
This question tests students the relationship between differential equation and Laplace transform 
and how a system can be described by either form. 
 

(i) This is a second order system. 
 

(ii) Time domain differential equation is: 
 

200𝑦 + 10
𝑑𝑦
𝑑𝑡 +

𝑑!𝑦
𝑑𝑡! = 200𝑥 +

𝑑𝑥
𝑑𝑡  
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SOLUTION to Q6: 

 
 This question tests students understanding of discrete time system specified as a 

difference equation, the z-transform representation of such a discrete-time system. 
 

(i) 𝐻(𝑧) = "($)
&($)

= 0.2(1 + 𝑧'( + 𝑧'! + 𝑧') + 𝑧'*) 
 

(ii)  

  
 
(ii) 1 Hz is very small compared with the sampling rate of 10 kHz therefore the 

filter will simply pass the signal through (lowpass).  4.5 kHz is nearly half the 
sampling frequency; therefore, this filter will attenuate significantly the signal 
at this frequency. 
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SOLUTION to Q7: 

 
 
This question tests student’s understanding of a simple recursive lowpass digital filter, like part of 
the complementary filter they used with the IMU in the Group Project.  
 

(i) y[n] = x[n] + 0.2 y[n-1] 
   

(ii)   
 

 
 

(iii) Impulse response is the response of this filter an unit impulse, i.e. x[n] = [1,0,0,…] 
Therefore, y[n] = [0, 0.2, 0.04, 0.008, 0.0016, 0.00032, …]. 
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SOLUTION to Q8: 

 
 
This question tests student’s understanding of the PI controller  Part bookwork and part 
derivation 
 

(i) 𝐻+,(𝑠) =
!-.!

(/!-.!/-.!1
 

 
(ii) 𝐶(𝑠) = 𝐾2 +

."
1

 
 
Loop gain   𝐿(𝑠) = 20 𝐾𝑝𝑠+𝐾𝑖

(0.2𝑠+1)𝑠 
 
Therefore the close-loop transfer function is: 

𝐻(𝑠) =
𝐿(𝑠)

1 + 𝐿(𝑠) =
20(𝐾𝑝𝑠 +𝐾𝑖)

0.2𝑠! + ,1 + 20𝐾".𝑠 + 20𝐾#
 

 
(i) The integral term eliminates the steady-state error in e(t).   

 
 


