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Exercise 1 (10 p)

Consider the following bond graph,

(a) Mark the causality. (1p)

(b) Derive a state space model. (3p)

(c) Sketch an electrical system corresponding to the bond graphabove. (2p)

(d) The bond graph has a causality conflict and the correspondingstate space
model should be a DAE.

1. Refer to the electrical system at point c) and explain which physical ele-
ments generate the causality conflict and why. (2p)

2. Propose an equivalent bond graph and find the corresponding electrical sy-
stem, without any causality conflict. (2p)

Exercise 2 (5 p)

Consider the system

y(t) + ay(t− 1) = bu(t− 1) + e(t)
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wheree(t) is white noise.
Estimate the parametersa andb, by assuming that

1. the data used for parameters identification is generated through the system

y(t) = 0.1u(t− 1) + 0.2u(t− 2) + v(t)

whereu(t) andv(t) are white noises with variances 1 and 2, respectively,
and uncorrelated,

2. the number of samples tends to infinite.

Exercise 3 (5 p)

We want to simulate the system

ẋ(t) =

[

−λ 1
−1.7λ2 0.7λ

]

x(t) +

[

0
1

]

u(t), λ ∈ R
+

with the Forward Euler’s method and step sizeh = 1.
Calculate the maximum value of the parameterλ such that the FE method is stable.

Exercise 4 (5 p)

Mark with True or False the following statements and providea brief explana-
tion for the False ones. The indicated points will be awardedonly in case of right
answer and correct explanation.

1. A parametric system identification problem can always be solved through
the LS formula. (1p)

True  False  
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2. In a parametric system identification problem, the variance error of the esti-
mate can be reduced by reducing the number of samples in the data set. (1p)

True  False  

3. The correlation analysis method can efficiently solve theproblem of esti-
mating the impulse response of a system working under a feedback control
law. (1p)

True  False  

4. In a parametric system identification problem, byidentifiability issueswe
mean the problem of collecting data. (1p)

True  False  
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5. A necessary condition for applying the LS formula is the persistent excita-
tion of the input signal. This is an invertibility conditionof the input cova-
riance matrix. (1p)

True  False  
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