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may not be used.

SOLUTIONS: Linked from the course home page after the examination.

The exam can be inspected and checked out 2012-01-11 at 12.30-13.00 in the conference
room Ljungeln, located in the B building, entrance 27, directly to the right (in the middle
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(title('Name')). Enclose the numbered attachments and refer to these in the solution.

You may choose to write your solutions in English or Swedish.

Good luck!





1. (a) Generate the signal y(t) according to f0=30; N=500; t=(0:N-1)'; T=1/1000;

s=sin(2*pi*f0*t*T) + 0.5*sin(2*pi*0.95*f0*t*T); y=s+0.1*randn(N,1);

Plot the amplitude of the signal (y) DFT with a correct frequence scale in Herz. Why

can we not recover both frequencies in the DFT-plot? (4p)

(b) Generate 1000 samples from the model

y(t) =
1

1 + 0.3q−1 − 0.4q−2 + 0.25q−3 + 0.2q−4
e(t),

where e(t) is white Gaussian noise with mean value 0 and variance 0.5 (in other words,
e(t) ∼ N (0, 0.5)) and plot the estimated signal spectrum. (3p)

(c) The �lters

F1(z) =
2

z − 0.3
, F2(z) =

1

z − 3

are to be implemented in a stable fashion. Will the implementations have a direct

term, that is, will y(t) = Fi(q)u(t) have a term such that y(t) is directly a�ected by

u(t)? (3p)

2. (a) Consider the following state-space model

x(t+ 1) = Ax(t) + w(t),

y(t) = Cx(t),

where w(t) is Gaussian process noise with mean value zeros and covariance matrix Q.
Note that there is no measurement noise. Show that the minimum variance estimate

of the measurement is the measurement itself, that is show that

ŷ(t|t) = Cx̂(t|t) = y(t).

(4p)

(b) Compute the covariance function Ryy(τ) = E(y(t+ τ)y(t)) describing the signal

y(t)− y(t− 1) + 0.16y(t− 2) = 1.5e(t− 1)− 0.6e(t− 2),

where e(t) is white Gaussian noise with mean value zero and variance 1. (Hint: Start

by rewriting the model on state-space form.) (6p)

3. (a) In estimating signal models the following cost function has been used

V (θ) =
1

N

N∑
t=1

(y(t)− ŷ(t; θ))2,

where ŷ(t; θ) is the one step ahead prediction. The parameter estimate is then com-

puted according to θ̂ = argmin
θ

V (θ). We will in this assignment consider a modi�ed

cost function

Vλ(θ) =
1

N

N∑
t=1

(y(t)− ŷ(t; θ))2 + λθT θ,

where λ ≥ 0 is a user choosen parameter. Assume that we are interested in estimating

the parameters θ in the model y(t) = ϕT (t)θ+ e(t) (ϕ(t) is a known regression vector

and e(t) is white noise) using the cost function Vλ(θ). Derive an explicit expression

for the resulting estimate θ̂λ = argmin
θ

Vλ(θ). (7p)

1



(b) Provide an interpretation of the extra term λθT θ in Vλ(θ), that is, how will this extra

term a�ect the estimate? (Hint: Consider the special cases λ→ 0 and λ→∞.) (3p)

4. (a) In solving a certain �ltering task, the resulting non-causal Wiener �lter is given

H(z) =
1

3

z2 − 5.2z + 1

z2 − 3.1z + 1

Compute [H(z)]+ and [H(z)]− for the �lter H(z) = [H(z)]+ + [H(z)]− given above.

Here [H(z)]+ should be causal with a direct term and [H(z)]− should be anti-causal

without a direct term. (Hint: Write H(z) = azT (z) and use residue on T (z). This
will make the calculations simpler.) (5p)

(b) Figure 1 shows a Scania V8 diesel engine. The engine RPM (revolutions per minute)

is an important signal. One problem with recovering the true RPM is that cylinder

�rings (which occur 4 times per engine revolution) causes symmetric disturbances in

the measurements of the RPM, which calls for some �ltering. The RPM signal is

sampled with respect to the so called crank angle. There are 6 crank angle degrees

(CAD) between each sample. The signal rpm (run initcourse TSRT78 and then load

Dec11.mat to access the signal) contains one engine cycle (720 CAD) during idling.

All eight cylinders �re within one engine cycle (720 CAD) and the separation between

consecutive cylinder �rings is 90 CAD. For each engine revolution (360 CAD) we get

60 samples of the RPM signal.

Plot the rpm signal using rpm on the y-axis and CAD as the unit on the x-axis. You

should also design a FIR �lter that removes the cylinder �ring disturbances from the

rpm signal. Plot the �ltered signal in the same plot as the original signal and con�rm

that the disturbances have been signi�cantly reduced with an almost constant rpm

signal as a result. (5p)

Figure 1: Scania V8 engine producing the measurement to be used in assignment 4b.
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