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Exercise 1 (5 p)

Consider the system in the figure below, consisting (from the left) of a DC mo-
tor, a mechanism for converting the rotating into a translating motion, a mass, a
friction and elastic elements.

(a) Explain why a state space model in the form of a system of DAEs is expected
for the system in the figure. (2p)

(b) Show how the state space model formulated at point (a) as a system of DAEs
can be rewritten as a set of ODEs by smartly rearranging the system (and obtaining
an equivalent one). (3p)

Exercise 2 (5 p)

(a) The system

y(t) = 0.6y(t− 1) + 0.3u(t− 1) + v(t)

has been used to generate N samples of input and output data. Such data is used to
solve a system identification problem. The PE method is applied and the following
model is chosen

y(t) + ay(t− 1) = bu(t− 1).

Can you guess which values do the parameters a and b converge to as N → ∞?
Rigorously motivate your answer. (3p)

(b) The prediction error methods at point (a) leads to a least squares problem.
Provide a necessary condition on the input signal u(t) such that the least squares
formula can be applied. (2p)
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Exercise 3 (5 p)

Calculate the spectrum of the rotational speed of a rotating body, with a friction
element of b = 10 kNms/rad and and inertia J = 10−3Kg m2, when the input
torque is a white noise signal with variance 1.

Exercise 4 (5 p)

Consider the Simulink model below:

(a) You would like to simulate the system using a Runge-Kutta method

k1(t) = f(x(t))

k2(t) = f(x(t) +
h

2
k1(t))

x(t+ h) = x(t) + hk2(t)

which is the largest step size that can be used in order to have a stable simulation?
(4p)

(b) What are the values of x(0.2) and x(0.4) when using a step size of h = 0.2
(x(0)=1)? (1p)

Exercise 5 (5 p)

Mark with True or False the following statements. For the False ones provide
the correct statement. The indicated points will be awarded only in case of right
answer and correct statement.
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1. The correlation analysis is a nonparametric identification method where
samples of the impulse response of a system are estimated based on experi-
mental data. (1p)

True  False  

2. The periodogram is a deterministic quantity. (1p)

True  False  

3. In the Forward Euler simulation method for ODEs, the local error is the
error introduced by the method over the whole simulation time. (1p)

True  False  

4. The Prediction Error Method (PEM) is based on the application of the least
squares formula. (1p)
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True  False  

5. A DAE has differentiation index m, if m is the minimal number of diffe-
rentiations of the DAE that is necessary in order to solve the DAE itself. (1p)

True  False  
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