
EXAMINATION IN DIGITAL SIGNAL PROCESSING (TSRT78)

ISY’S COMPUTER ROOMS

TIME: April 12, 2012, at 14.00–18.00

COURSE: TSRT78, Digital Signal Processing

EXAMINATION CODE (PROVKOD): TEN1

DEPARTMENT: ISY

NUMBER OF EXERCISES: 4

NUMBER OF PAGES: 2 + cover page

RESPONSIBLE TEACHER: Thomas Schön, tel 013-281373

VISITS: 14.00, 16.00

COURSE ADMINISTRATOR: Ninna Stensgård, tel 013-282225, ninna.stensgard@liu.se

APPROVED AIDS: The course book ("Signal Processing", alt. "Signalbehandling" by
Gustafsson, Ljung and Millnert), the computer and MATLAB are all allowed aids. No
solved examples are allowed, this includes the exercise book in signal processing. Internet
services such as email, web browsers and other communication with the surrounding world
may not be used.

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

The exam can be inspected and checked out 2012-05-08 at 12.30-13.00 in the conference
room Ljungeln, located in the B building, entrance 27, directly to the right (in the middle
of the corridor).

PRELIMINARY GRADE LIMITS: Points needed out of 40
grade 3 15 points
grade 4 23 points
grade 5 30 points

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 name on the first line and write your name in the title of the plots
(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. The longest and oldest Popsicle in the world, you could call the 3600 meter long ice core
that has been drilled at the Vostok station in western Antarctic. The figure below shows
how the levels of carbon dioxide vary as a function of the depth of the drill, recalculated
to time. Immediately one can see the four climate cycles that have passed in the last four
hundred thousand years. Apart from this, which is the predominant period of time?

The file Apr2012.mat contains y,t,fs. Perform proper preprocessing of the data and a
DFT analysis and estimate what the most predominant period of time (given in years) is,
with the exception of the climate cycle. Motivate your choices of detrending, windowing
and zero padding for this specific signal (not just in general terms). (10p)

2. In this assignment we will study the following question:

What is the next number in the sequence 72,70,66,58?

For this type of assignment there are often many correct answers. Most people will answer
42, 10,−54 (a few might see the connection 44, 22,−10,−54!). Using the tools provided in
this course we can use standard methods to determine if there is a solution, state a signal
model for the solution and also rank different solutions using e.g. Akaikes information
criteria with punishments for model complexity.

(a) Choose an appropriate AR(n) structure, estimate the parameters using least square
estimation and verify the correctness of the sequence 72, 70, 66, 58, 42, 10, −54.
Calculate the least square estimate using pinv through thhat=pinv(Phi)*Y and show
the result for Phi and Y. State an algorithm that calculates the terms in the sequence
recursively. (4p)

(b) Write the model as a state-space model with correct initial values, and use this to
predict y(n) without recursions. The solution should be a function of A,C, x(0). (3p)

(c) As a continuation of (a), choose a suitable AR(n) structure, estimate the parameters
using least square estimation and verify the correctness of the sequence 72, 70, 66,
58, 44, 22, −10, −54. Show an algorithm that calculates the terms in the sequence
recursively. (3p)
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3. Contemplate the signal model

y(t) = s(t) + n(t),

where the spectra of the signals are shown in the figure below.

(a) State a formula in the frequency domain for the variance of the estimation error.
What is the optimal ideal filter H(f) (i.e. the filter can only have values 0 and 1),
given in normalized frequency, to estimate ŝ(t) = H(q)y(t), minimizing the variance
of the estimation error? State the variance of the estimation error. (4p)

(b) State the optimal Wiener filter H(f) (in normalized frequency), to estimate ŝ(t) =
H(q)y(t), minimizing the variance of the estimation error. (6p)

Hint: The problems need no polynom calculations, z-transforms or matlab-programming.

4. To determine the amplitude and phase for a sine signal with noise (ω known),

y(t) = a(t) cos(ωt+ ϕ(t)) + n(t)

= cR(t) cos(ωt) + cI(t) sin(ωt) + n(t)

= c(t)eiωt + n(t),

the standard alternative in the course book is to use the parameter vector θ(t) = (cR(t), cI(t))
T .

In principle, nothing prevents the signal model from allowing complex parameters and re-
gressors, so the complex parameter θ(t) = c(t) seems to be a good and compact alternative.
Least square estimation and all adaptive algorithms work if you change transpose to the
complex conjugate of the transpose ϕT (t) ↔ ϕ∗(t), which rather easily can be motivated
in the ordinary derivation.

(a) State the least square estimate θ̂ for N observations of y(t) when the parameters are
considered constant over time. Simplify the expression as much as possible. What is
the variance of the estimate? (4p)

(b) State the LMS algorithm to estimate θ̂(t) when the parameters are time varying.
Simplify the recursion as much as possible. For which step lengths is LMS stable?
Now, assuming that the parameters θ̂(t) = θ are constant, to which value will the
variance of the estimation error converge? (6p)
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