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1. Consider the signal model

s(t+ 1) = 0.9s(t) + v(t),

y(t) = s(t) + e(t).

where v(t) and e(t) are independent white noise processes with variance 1.

(a) Compute the variance of the trivial signal predictor

ŝ(t+ 1) = 0.9y(t).

(3p)

(b) Compute the optimal predictor on the form

ŝ(t+ 1) = h(0)y(t) + h(1)y(t− 1)

using the FIR Wiener filter. (4p)

(c) What is the variance of the Wiener filter in (b)? (3p)

2. Generate the following signal:

fs=240;
N=300;
t=(0:N-1)’/fs;
y=sign(sin(2*pi*50*t))+0.1*randn(N,1);

(a) Compute and plot the periodogram with correct frequency (in Hertz) and amplitude
axes. (2p)

(b) Highlight the leakage effects by zero-padding the signal before computing the peri-
odogram. Plot this periodogram with correct scaling on the axes.
What is the frequency resolution of the periodogram above (in terms of the main
lobe of the rectangular window) and what is the frequency resolution (in terms of the
position of the first side lobe). Answer in Hz for this particular signal scenario, not
in general terms. (3p)

(c) Compute a spectral estimate to improve on the periodogram. The spectral estimate
should reveal five peaks. (3p)

(d) Explain which frequencies these peaks in (c) should be in theory, based on the con-
sidered square wave and the alias effect. (2p)

3. The roller coaster Wildfire opened in late June 2016 in Kolmården Wildlife Park, and is
claimed to be the ’biggest’ wooden roller coaster in the world. The division of automatic
control has mounted a smart phone at the end of the train, and each morning during the
summer the in-house app sensor fusion logs data during the first test runs. The idea is to
use the inertial sensors to monitor the status of the tracks and the train.

The ride starts with a 56 meter climb, where the train is pulled by chains, see Figure
1. The signal acc contains the measurements from a three-axis accelerometer, and is
available with load wildfire (do not forget to initialize the course search path with
initcourse(’tsrt78’)). The sampling frequency is fs = 100 Hz and the time inter-
val corresponding to the climb is [85, 104]. The accelerometer has its coordinate system
with x in the forward direction, y to the left and z upwards.
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Figure 1: Wildfire train approaching the climbing stage.

Your task is to estimate the spectrum of the accelerometer signals during the climb using
an AR model. You should carefully motivate your model order, and compare the spectral
estimate to a non-parametric spectral estimate, using plots with correct frequency axis.
Discuss what fundamental frequencies (if any) that appear in a fault-free train.

The goal should be to determine what can be considered as normal vibrations in the three
dimensions. The more convincing solution, the more points. (10p)

4. Assume that we want to estimate the mean in a signal adaptively, using the signal model

y(t) = θ + e(t).

(a) Show that RLS gives an estimation variance that can be written in closed form as

P−1(t) =
1− λt

1− λ
+ λtP−1(0).

(3p)

(b) Use this formula to give a closed form expression for the gain K(t) in RLS, assuming
that P−1(0) = 0. (3p)

(c) Compute the stationary Kalman filter for the random walk model θ(t+1) = θ(t)+v(t)
with Q = Cov(v(t)) = 0.001 and R = Cov(e(t)) = 1. (4p)
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