
Instructions

• Please complete the provided MATLAB Live Script and/or Simulink template, as per task-specific
instructions.

• As a start, fill in your details at the top of your Live Script and/or Simulink model. If any of the details
does not match your actual detail, you will be subjected to an academic integrity review.

• Please provide your answers/solutions in the order they are requested.
• Unless specified otherwise, all problems are to be solved and typed out by

hand. Mathematical expressions are to be typed out using the integrated editor.
• When coding is required, only complete the unfinished lines of code. Do not introduce additional code

elsewhere.
• Unnecessary parentheses and element-wise operators (e.g., “ .* ”, “ ./ ”) hamper code review and

often cause errors, so marks will be deducted for excessive usage of these. This practice is to
promote understanding of operator precedence and other programming fundamentals.

• Unnecessary hard-coding hampers readability and often reduces accuracy (e.g., 3.1416 instead of
pi), so marks will be deducted for unnecessarily hard-coded values.

• This is an individual assessment task, i.e., you must work on your own using a separate computer.

Problem 1

Consider the differential equations:

where  are state variables, and  are input variables. Define the state vector as .

Rewrite the differential equations as a state equation.

┌Solution: State equation:

Problem 2 
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This is different from the Lecture 4 notes which states feedforward control is for providing good performance, 
rather than disturbance rejection. The reason for this discrepancy lies in the type of disturbances targeted by 
the blog. Describe the disturbances targeted by the blog.

Problem 3

Consider the design of a lag compensator for the plant 

in the unity-feedback, cascade configuration. Suppose the uncompensated system has a gain of ,
and the lag compensator has the transfer function

, and subsequently

Calculate z so that the step-response steady-state error is 1/101.

Problem 4 

Consider the controller in the following figure. Determine the transfer 

function determine whether the controller is a P, I, PI, PD, or PID controller.
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Problem 5

A PID controller has been tuned for a SISO LTI system. The PID controller produces the step response in 
Scenario I in in the following figure. Upon doubling/halving the proportional/integral/derivative gain of the 
controller, the step responses in Scenarios II, III and IV in the following figure are produced as a result.

Consider the following table, where , ,  denote the proportional, integral and derivative gains
respectively. Which of A, B, C and D most likely represents the set of actions done on the PID controller?
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Problem 6 

A process can be modeled as a first-order plus dead time (FOPDT) transfer function:

The process reaction rate is the gain divided by the time constant. Suppose a PID controller is to be
designed using a suitable method from the table below:

Calculate the proportional band of the PID controller.

Problem 7 

Consider the Nyquist diagram in the following figure. Given the gain margin is 3.86 dB and the phase margin 
is , determine the magnitude M and angle  in degrees.
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Problem 8

Consider the Bode plot below for the unity feedback system with open-loop transfer 

function :
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 at 1 rad/s.Problem 8.1: From the plot, determine  and then K. Hint: The phase plot crosses 

Problem 8.2: Continuing from above, notice the gain crossover frequency is given as 3:3 rad/s. Calculate 
the phase margin in degrees.

Problem 9

The workflow for designing a lead compensator can be summarized in the table below:
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Instead of following the entire procedure, let us consider calculating the closed-loop bandwidth. Given the

desired damping ratio to be , and the desired settling time to be 0.5 seconds, calculate the required

minimum closed-loop bandwidth by completing the code below:

┌Code:

zeta = 1/sqrt(3); ts = 0.5;
BWd = ... % 1 mark: Desired closed-loop bandwidth

Question: What are the units of the closed-loop bandwidth you calculated above? 
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