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APPROVED AIDS: The course book (“Signal Processing”, alt. “Signalbehandling” by
Gustafsson, Ljung and Millnert), tables, the computer and MATLAB are all allowed aids.
No solved examples are allowed, this includes the exercise book in signal processing. Inter-
net 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 2016-04-13 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 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. Consider the AR signal

s(t) =
1

A(q)
w(t) =

1

1− 0.95q−1
w(t). (1a)

Assume it is observed in white noise

y(t) = s(t) + n(t). (1b)

The noise processes are independent with variance σ2w = 1 and σ2n = 1, respectively.

(a) Compute the non-causal Wiener filter that provides ŝ(t) = Hnc(q)y(t). (4p)

(b) Plot the impulse response hnc[k] of the non-causal Wiener filter. A numerical solution
is allowed. (3p)

(c) What is the variance Var
(
ŝ(t)− s(t)

)
for the estimation error? A numerical solution

is allowed. (3p)

2. Consider again the signal model (1).

(a) Formulate a state space model for the signal model (1). (2p)

(b) Compute the stationary Kalman filter based on this state space model. What is the
stationary variance Var

(
ŝ(t)− s(t)

)
= Var

(
Cx̂(t|t)

)
for the estimation error? (4p)

(c) What is the stationary covariance matrix P̄s for the Kalman smoother? Use the RTS
recursion and definition of stationary smoothing covariance as

P̄s = P (t|N) = P (t− 1|N).

(4p)
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3. The harbour porpoise (sv. tumlare) lives in the Baltic sea, and Kolmården Zoo has devel-
oped a sensor to record the narrow-band high-frequency “click” sound of the porpoise. The
picture below shows one example of a porpoise ping. The signal y, fs is available with
load ping (do not forget to initialize the course search path with initcourse(’tsrt78’)).

The sampling frequency fs is fs = 106 Hz.

Estimate an AR(n) model. Motivate carefully your choice of model order n. The more
convincing model validation, the more points. Include at least an Akaike test (which of
AIC and BIC is to prefer here?), a comparison with a non-parametric spectral estimate
and a residual test. What are the dominating frequencies? (10p)

4. (a) Consider a impulse response defined by

h[k] =


(
1
2

)k/2
, k = 0, 2, 4, . . . ,(

1
3

)(k+1)/2
, k = 1, 3, 5, . . . ,

0, k < 0.

Derive the transfer function H(z) = B(z)
A(z) as a rational function, and plot H(ei2πf/fs).

What type of filter is this? (7p)

(b) Plot the transfer function H(ei2πf/fs) for the filter

H(q) = 1− 2q−10 + q−20,

where fs = 1000 Hz. What type of filter is this? (3p)
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