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Lecture Energy Systems: Hardware and Control - Control Part
University of Freiburg – Winterterm 2017/2018

Exercise Sheet 3
Prof. Dr. Moritz Diehl, Dr. Gianluca Frison and Benjamin Stickan

For questions on the exercise please contact Benjamin Stickan (benjamin.stickan@imtek.uni-freiburg.de)

Problem 5: Observer
Consider a simple LC-circuit with the state vector is defined as x :=

[
vC iL

]ᵀ
and the following dynamics:

ẋ =

[
0 1

Cf−1
Lf

0

]
x

y =
[
1 0

]
x

To reduce the component costs in a device that follows the given dynamics, only a voltage sensor on the capacitor voltage
is employed. The current in the circuit is not measured. We want to implement an Luenberger observer to get knowledge
of both states. Recall that the estimated state has the following dynamics:

˙̂x(t) = Ax̂(t) +Bu(t) + L(y(t)− ŷ(t))

ŷ(t) = Cx̂

(a) Is the system observable?

(b) Calculate the matrix Aobs that defines the dynamics of the observer error e(t) = x(t)− x̂(t), ė(t) = Aobse(t)

(c) To simulate the whole system we need the dynamics of x(t) and x̂(t). Fill in the matrix:

[
ẋ
˙̂x

]
=

 A

[xx̂
]

(d) Assume Lf = 5 mH and Cf = 10 mF and use the place() function to calculate L if the eigenvalues of the
observer are λ1,2 = −30 1

s (slow observer L1) or λ1,2 = −1000 1
s (fast observer L2).

(Hint: Use the transposed system.)

(e) Simulate the whole system for both cases given in (d) with initial state
[
x0 x̂0

]>
=
[
10 0 0 0

]>
. Assume

to have no input (u = 0).

(f) What happens if the observer does not know the real system dynamics exactly? Change Lf to 7 mH in A and keep
Lf,obs = 5 mH in Aobs and repeat the simulation.
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