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Exercise 1 (10 p)

Consider the car suspension system in the figure below,

where m; and m, are the masses of the vehicle and the wheel, respectively, k;
and b = b(u) are the spring and friction constants, respectively, of the suspen-
sion, u is an exogenous signal and k is the spring constant of the wheel.

(a) Derive a state space model of the whole suspension system. (5p)
(b) Derive a state space model of the suspension system under the simplification
of rigid wheel. (2p)
(c) For the model at point (b) of this exercise, assume () is a white noise with
variance 1. Compute the spectrum of the signal v, (¢). (3p)
Exercise 2 (5p)

(a) Consider the system

1
t) =0.b5u(t —1)+ —-7—E(
(1) = 0.5u(t = 1)+ T——£()
where {¢(t)} is white noise with variance A?. Show how the least squares method
can be applied to estimate the parameter d. 3p)

(b) Consider the system
y(t) = ay(t — 1)* + bru(t — 1) + bpu(t — 2)° + £(t)

1




where {£(t)} is white noise with variance A?. Show how the least squares method

can be applied to estimate the parameters a, b; and bs.

Exercise 3

(a) What is the (differentiation) index of the following DAE?

I'Ul = —21+ X211
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Motivate the answer.
(b) Show an example of nonlinear DAE with index 2.

(¢) What is the index of the following linear DAE?
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Exercise 4

Answer to the following questions.

[ENEVSEES

(2p)
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S p

1. How can the spectrum of a signal be estimated by using N samples? (1p)

2. How do the local and the global errors of the Forward Euler method depend

on the step size h?

(1p)




3. Explain how, in the PE method, the covariance of the estimated vector of
parameters depends on the variance of the measurement noise and the size
of the data set. (1p)

4. Consider the DAE
Eit+ Az + Bu =0,

with F singular. Explain how to use the result stated in the Kronecker theo-
rem in order to easily calculate its differentiation index. (2p)




