Hanyang University, Electrical Engineering, Fall 2018

ELE6049 Real-Time Optimal Control
Midterm-Exam
due 3:00PM on Oct. 31, 2018
Rules:
1. Take home
2. Closed Neighbor
3. Return your report (PDF) with MATLAB/SIMULINK files to shlee@ieee.org
Let us consider a discrete-time system described by a discrete-time state space model with a
sample period T = 0.1 [ms]:
(
x(k + 1) = Φx(k) + Γu(k)
y(k) = Cx(k)
where
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Applying control is limited by |u| ≤ 0.7 [Amp] (amplifier spec.).
Your mission is to develop a predictive controller for the system to exhibit good reference
tracking. In tracking reference trajectories, it is desired for the system to satisfy tracking
accuracy: |y − yr | ≤ ye . Further, as an effort to avoid excitation of unmodeled flexible
structure resonance, it is desired to limit its control slew rate: |u̇| ≤ u̇.
i) (30 pts) Design an infinite horizon predictive controller with ∆u being the decision variable. You need to specify the bounds u̇, and ye .
Conduct a computational experiment (using MATLAB/simulink) to verify your design.
You may need pr > 1000 to make control saturation occur. You may also need a non zero
initial condition to make constraints on states become active.
Plot responses: states and control in the time plane, states in the phase plane. Explain your results. Find active constraints. It may be interesting to plot 3D Lagrangian
multiplier curves at some time points: e.g. x-axis for prediction points, y-axis for each
constraint, z-axis for the values of Lagrangian multipliers. (Hint: If necessary, introduce
some assumptions to solve the infinite horizon problem. You choose weights, constraints,
horizons, ... whatever you need.)
ii) (30 pts) Repeat i) with u being the decision variable.
iii) (10 pts) For comparison, design a finite horizon LQ controller. Also design an infinite
horizon LQ controller. Assume all the elements in x are available (do not need to design
a state observer). Conduct a computational experiment to verify your design with all the
constraints in (i) being considered. Explain your results.
iv) (30 pts) Now, you try a more challenging but interesting problem. Specify constraint
bounds that make the MPC problem infeasible. Then, introduce control softening to
make the MPC problem feasible. You may need to introduce a discount factor and/or
importance weights to soften some active constraints. Conduct computational
experi
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ments and plot results. (Hint: e.g. diag {e
}0 , {e
}0 , {e
}0 Gv(k) ≤ b(k) with
appropriate dimensions ‘?’ for each and w > 0. It’s also useful to try {e−w(i) }?0 with
appropriate w(i) ≥ 0, w(0) = 0.)

