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The goal of this project is to control and estimate the state of a DC motor with the transfer function
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The input to this system, u(t), is the voltage applied to the motor armature and the output, y(t), is the motor
shaft angle.

Question 1

1. Write a minimal state-space realization for this system. Prove that it is indeed minimal.

2. Assume that the the whole state vector can be measured and that the initial conditions are such that
y(0) =mand y(0) = 0. Select Q, S, and R such that the corresponding LOR optimal controller guarantees
* minimum settling time t; (ts is measured with respect to the settling level £2% of y(0));
e maxu(t)] < 30;
e OS=0.
The minimum t, should not be above 1.25 sec. The overshoot (OS) is to be checked in the time interval t € [0, 50].
Explain reasonings behind your choice of the cost function. Present the response of the system output y(t) and

the control signal u(t) for the time vector t=1inspace (0,2,1001) with a tag for the settling time t; on the
abscissa axis.

Question 2

3. Now assume we can measure only the output y(t). Choose the parameters 04 and o, and design a
Kalman filter to reconstruct v(t) = y(t) so that

* |Gyy(jw)l < 0dBforall w € R,
* |jw — Gyy(jw)l < —20dB in the range w € [0, wo] for a maximum possible wy.

wo should not be smaller than 0.1 %. Here Gy, (s) is the transfer function from y to the estimation of v, v
(i.e. the Kalman filter under u = 0). Present the magnitude Bode plots of G (s) and of E(s) = s — Gy (s).

4. Present the plots of the real y(t) and its estimate {j(t). Carry out the simulations with the control signal
u(t) (which can be measured by the filter) generated by the output-feedback controller
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subject to zero initial conditions in the system, the reference signal r(t) = sin(3zt), and the disturbance
(which cannot be measured by the filter) d(t) = §(t — 20) (see Fig.1 on the previous page). Set the time
vector for this simulation as t=1inspace (0, 150, 1001).



