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email, web browsers and other communication with the surrounding world may not be
used.

SOLUTIONS: Linked from the course home page after the examination.
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N.B. The solutions to all exercises should be presented with calculations as well as the
MATLAB code and plots with clear cross references between these. Mark all print-
outs with your AID on the first line and write your AID in the title of the plots
(title(’AID’)). 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) What is the spectrum for a signal y[k] with covariance function given by

Ryy[τ ] =


1, τ = 0,

0.5, |τ | = 1,

0.25, |τ | = 2,

0, |τ | > 2.

Analytical computations are required, with a plot of the spectrum in Matlab. (3p)

(b) Compute the spectrum of the signal in (a) using fft([0.25 0.5 1 0.5 0.25]) in
Matlab, and plot the spectrum. Hint: to get a real-valued spectrum, you need to
multiply the result with some sequence to compensate for the time delay. (4p)

(c) A spectrum is defined as

Φyy(ω) = cos(ω) + 1

for −π ≤ ω ≤ π. Describe how you can generate a realization of y[k] having this
theoretical spectrum. Hint: use spectral factorization. (3p)

2. Consider the signal y[k] in the file HM.mat. The signal has been collected by the lab equip-
ment from lab 2 in this course on a patient having a heart pump of the model HeartMate
II operated inside the body. This is a viable solution to support the heart while waiting for
a heart transplantation. However, the pump can like the heart suffer from trombosis when
the pump becomes clogged, and there are also mechanical failures reported. The idea in
this project is to listen to the pump in order to detect early indications of failures. For this
reason, spectral analysis can be done, as we will investigate here.

For this data, the pump frequency was set to 9600 rpm (rotations per minute). The motor
is controlled with PWM (pulse width modulation) with frequency 7200 Hz. The sound was
collected with fs = 44100 Hz.

(a) Load the data file. High-pass filter with 60 Hz cut-off frequency to get rid of slow
trends and possible 50Hz disturbances. Compute the periodogram and a spectral
estimate. Plot the periodogram and spectral estimate. (4p)

(b) Investigate how the pump frequency is reflected in the spectral estimate. Describe
the accuracy of the fundamental frequency and its harmonics. Each one of these may
be features for detecting early indications of pump failures. (3p)

(c) Investigate if and how the PWM frequency is reflected in the spectral estimate. The
PWM frequency is not exactly as specified, what is a more accurate PWM frequency
estimate? Describe features in the spectral estimate that can be connected to the
PWM and possible interactions with the pump frequency. (3p)
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3. Generate the following signal s(t) and measurement y(t):

f=50;
N=1000;
sigma=1;

t=(1:N)’/f;
s=sin(2*pi*t).^5;
y=s+sigma*randn(N,1);

(a) Estimate an AR(na) model to y(t), and select a suitable model order based on AIC,
BIC and the “knee” of the LS loss function. Present a plot of AIC, BIC and LS loss
function. (6p)

(b) Estimate a Fourier Series (FS) model to y(t), by first stating the estimation problem
as a linear regression, utilizing the knowledge of the fundamental frequency 1 Hz, and
that the signal is an odd function. Select a suitable model order using AIC, BIC and
the “knee” of the LS loss function. Present a plot of AIC, BIC and LS loss function.
(4p)

4. A time-varying mean m(t) of a signal y(t) = m(t) + n(t) observed in white noise n(t) can
be estimated by an adaptive filter

m̂(t) = m̂(t− 1) +K(t)
(
y(t)− m̂(t− 1)

)
.

(a) What is K(t) if LMS is used? (1p)

(b) What is K(t) if the RLS algorithm is used? Provide a simplified analytical expression.
(5p)

(c) Compute the stationary value of K(t) for a few different forgetting factors λ. (4p)

2


