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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 2012-09-05 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. Generate the signal

>> t=(0:999)’;
>> y=1./(sin(0.1*t)+2)+0.01*randn(size(t));

The sampling interval is 1.

(a) Perform a transform based (nonparametric) spectral estimate (show the plot with
the code) and state the number of significant frequency components that can be
distinguished, and what these correspond in Hertz. (5p)

(b) Perform a model based (parametric) spectral estimate using an AR(n) model, and ver-
ify the result in (a). Motivate the choices of model order and the data preprocessing.
(5p)

2. Digital signals are often coded to resemble white noise. For the signal-in-noise-problem
this means that one should find white noise in a colored disturbance.

y(t) = s(t) + n(t) = w(t) + Fn(q)v(t).

Assume Var(w(t)) = 0.5, Var(v(t)) = 1, and Fn(q) = 1 + q−1.

(a) Determine the non-causal Wiener filter to estimate the signal (Hint: If you solve this
the right way, the calculations should be relatively easy). (4p)

(b) Determine the causal Wiener filter to estimate the signal (Hint: The correct answer
might seem very strange at first sight). (4p)

(c) What is the variance of the estimation error for the filters above? (2p)

3. A sine with known frequency and phase has a timevarying amplitude,

y(t) = a(t) sin(2πft) + e(t), t = 1, 2, 3, . . .

The amplitude should be estimated adaptively using an LMS algorithm with a timevarying
step length

θ̂(t) = θ̂(t− 1) + µ(t)ϕ(t)
(
y(t)− ϕT (t)θ̂(t− 1)

)
.

Assume a(t) = a is constant in the analysis and the simulations below.

(a) Fiormulate a regression model for the signal model above. Perform a simulation study
and investigate how big the maximum step length µ(t) = µ can be in order to get
good convergence. Use a = 1,f = 0.25 and Var(e(t)) = 0.1. Enclose two figures, one
showing the convergence of the parameter estimation for a step length you think is
appropriate and one where the step length is slightly too big. (5p)

(b) Show, using straightforward calculations, that the LMS algorithm will lead to an
estimation error that approaches zero on average for µ(t) = 1 if f < 0.5. (4p)

(c) Choose a step length µ(t) to achieve the shortest transient for the estimation error
possible, i.e. to make the initial error in the estimation fade away in the shortest
possible time. (1p)
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4. A company that produce computer screens where the cursor is controled by movements of
the eyes is using built-in cameras in the screen to calculate a position for the gaze based on
movements of the pupil. The idea is to make new applications possible for e.g. seriously
disabled people. The problem is that the calculated visual point is noisy. The figure below
shows an experiment where the human test subject has moved the gaze between three
points on the screen.
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A natural way in trying to improve the quality of the signal is to let a Kalman filter estimate
the visual point! The problem has much in common with target tracking.

The signal is available, and the figure can be reproduced, using

>> load blickdata
>> plot(data2(:,2),data2(:,3))

The first column contains the time index.

(a) Suggest a state space model for the problem above, suitable for Kalman filtering. (5p)

(b) Apply the Kalman filter and tune the design parameters in the model in (a) as good
as possible. Present an XY-plot of the estimation superinposed onto the measure-
ments, i.e. complete the plot above with your estimates. A conventional time plot of
estimation compared to the measurements should also be presented. (5p)
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