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LANGUAGE: you can write your exam in both English (preferred) or Swedish
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triviala berédkningar) kan foljas. Bristande motiveringar ger poangavdrag.

Lycka till!



COMPUTER TIPS:
e To open Matlab:

— open a terminal (right-click on the background and choose open
terminal)

— type
module add prog/matlab
matlab &
e Print out the model description and the plots requested
e Remember to write your AID number on each printed page you include

e In the identification exercise using the System Identification toolbox:

— To print the model description: Right-click on the icon of the
model you have computed and then click Present. The model
description appears then on the matlab main window. Copy it
into a file and print it.

— the Sysld plots cannot be directly printed. You have to choose
File — Copy figure, which gives an ordinary matlab plot you
can print.

e Printing in Linux:

— A file called file.pdf can be printed out for instance typing in
a terminal

lp -d printername file.pdf
(replace printername with the name of the printer in the room
you sit in).

— It is possible to print using File — Print in a matlab plot, but

one must select the printer name writing -Pprintername in the
Device option (again printername is the name of your printer).



1.

(a)
(b)
()

Explain briefly what a stiff system of ODEs is and why it is
difficult to simulate it. [2p]

Is it easier to compute the parameters of an ARX model or of an
OE model? Why? [2p]

The following system

T1 = —x1 + 0.4x2
T = x1 — 409629 4+ 5121

is simulated from the initial condition x(0) = [0 0] and is driven
by a high frequency input u. Compute a simplified version of the
system which approximates its behavior. [2p]

What is the stability region of the Euler backwards method
Ty = Tp-1+hfy

What does it mean for the system

T =—10z
And for the following one?
T =10z
[4p]
2. A physical system is described by
y(t) = G(q)u(t) + w(t) (1)
where w is a white noise of variance A\, = 2.
(a) Assume
G(q) = 0.5¢7 +0.3¢72 (2)
and that the model used for the estimation is the following
y(t) = bru(t — 1) + bau(t — 2) +e(t) (3)



with e(f) a white noise. Compute the value of the parameters
6 = [by by that for N — oo minimizes the prediction error square

V(0) = 3 D (u(0) — 5(t10))? (1

t=1

when u(t) is a white noise of variance A\, = 3 uncorrelated with
w and e. Compute also the variance of the parameter estimation.
[3p]

Consider the same G(g) in (2) and the model (3). Describe what
happens when minimizing (4) if the input u(t) is a signal uncor-
related with w and e and with the following covariance

1 ifr=0
R,1)=<1 if|r]=1
0 if|r|>1
[3p]
Assume the true system is
0.5+ 0.3¢7!

G =
(9 = 170247+ 04g2

u(t) is a white noise (uncorrelated with w) and the OE model for

the estimation is

. b1 + bzqfl
L+ fig7t + faq™?

y() u(t) + e(t)

where e(t) is a white noise (uncorrelated with u). Estimate the
value of the parameter vector 6§ = [by by f1 fo] when N — oc.
[Hint: in this case it is easier to use eq. 12:46 (Swedish book; eq.
11.60 on the English book)) [2p]

Consider the true system (5), and the static model
y(t) = bu +e(t)

where u is a constant signal and e(t) is a white noise. Compute
the value of the parameter b when N — oo. [Same hint as above]

[2p]



3. The data for this exercise are in a file called sysid_data_20180105.mat
located in the directory /site/edu/rt/tsrt62/exam/. To load it into
your Matlab workspace use any of the following;:

e type in the Matlab window
load /site/edu/rt/tsrt62/exam/sysid_data_20180105.mat

e copy the file to your current directory and then load it into your
Matlab workspace (typing load sysid_data_20180105.mat at
the Matlab prompt).

Inside sysid_data_20180105.mat you will find the sampled signals u
and y (the sample time is 75 = 0.1).

Assume that the transfer function from noise to output has the Bode
plot shown in Fig. 1.
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Figure 1: Exercise 3. Transfer function from noise to output.

Construct one or more appropriate black-box models fitting the data
and compatible with this transfer function, reporting

plot of the fitted model vs. validation data

parameter values and uncertainty

residual plot
Bode plots

e poles and zeros placement

Discuss and comment your choices and results. [Hint: since the noise-
output transfer function is available, also the “noise spectrum” func-
tion of the Sysld GUI main panel (button below “zeros and poles”) can
be used to evaluate the models.] [10p]



. Consider the hydromechanical system of Fig. 2, where A; are the sec-
tions of the corresponding pipes/tanks, m; the masses, k; the spring
constants, b; the friction coefficients, and F' is the input (external
force). Assume pistons 1 and 2 are massless (piston 3 has mass mg).
Let p be the density of the fluid and h the height of the fluid in the
tank of section Ajy.
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Figure 2: Exercise 4

(a) Set up a bond graph of the system and mark its causality. [5p]

(b) Translate the bond graph into state space equations, taking the
height h as output of the system. [5p]



5. Consider the circuit in Fig. 3 where the two generators are current
generators.

Figure 3: Exercise 5

(a) Show that the bond graph has a causality conflict. [2p]

(b) Show that the system can be represented as a DAE. Compute
the index of the DAE. [5p]

(¢) What happens if one current generator is replaced by a voltage

generator? Is the circuit still representable with a DAE of the
same index? [3p]



