
EXAMINATION IN DIGITAL SIGNAL PROCESSING (TSRT78)

TIME: Aug 27th, 2021, at 8.00-12.15

COURSE: TSRT78, Digital Signal Processing

EXAMINATION CODE (PROVKOD): TEN1

DEPARTMENT: ISY

NUMBER OF EXERCISES: 4

NUMBER OF PAGES: 2 + cover page

RESPONSIBLE TEACHER: Isaac Skog, tel 0708-186805

APPROVED AIDS: All available sources, except interaction with other persons.

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

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. You may choose to write
your solutions in English or Swedish.
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1. Answer the following questions. Remember to motivate your answers.

(a) You want to upsample the signal sequency xk with a factor 1.5. To do so, you first
downsample the signal with a factor two, and then upsamples the new signal with a
factor three. Your friend say that it had been better to first upsample the signal and
then downsample the signal. Does the order of up- and downsampling matter? (2p)

(b) Your friend has designed a causal IIR filter and claims it has linear phase. Why can
this not be true? (2p)

(c) Consider the signal model

sk = T (q)wk

yk = sk + ek
T (q) =

1

(q − 1.1)(q − 0.8)

where wk and ek are independent white noise process with unit variance. You want to
design a causal IIR Wiener filter to calculate an estimate of sk from the measurements
{yi}ki=−∞. Your friend says this cannot be done. Why is your friend correct? (2p)

(d) Your friend has estimated the state xk = [x
(1)
k x

(2)
k ]> from the signal {yi}ki=−∞ using

a Kalman filter and a state-space model of the form

xk =

[
1 0
0 1

]
xk−1 + wk

yk = Cxk + ek

where wk and ek are independent white noise process with covariance Q = I2 and
R = 0.52, respectively. The result is shown in figure. 1. Which of the following model
parameters did your friend use in the filter? (4p)

M1 =


C =

[
1 0

]
P0|−1 =

[
1 0
0 1

]
M2 =


C =

[
1 0

]
P0|−1 =

[
1 0.5

0.5 1

]

M3 =


C =

[
0 1

]
P0|−1 =

[
1 0
0 1

]
M4 =


C =

[
0 1

]
P0|−1 =

[
1 0.5

0.5 1

]
2. The signal xk is filtered via the filter

yk = (1− λ)yk−1 + λxk

where yk is the output of the filter and λ is a design parameter.

(a) For which values of λ is the filter stable? (1p)

(b) For which values of λ is the filter a high-pass filter? (1p)

(c) For which value of λ is the filter a low-pass filter with a -3 dB cut-off frequency
fc/fs = 0.1? (6p)

(d) If a time-varying λ is used, i.e., λ is replace with λk, then the filter can be used to
recursively calculate the mean yk = 1

k

∑k
i=1 xi. How should λk be selected to do this?

(2p)

3. The file gotland.mat contains sound signal recorded by an underwater surveillance system.
The sound is recorded while a Gotland ferry is passing by and is sampled with a frequency
fs = 30 kHz.
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(a) In a proper way, down sample the signal so that it gets a sampling frequency of fs = 3
kHz. (3p)

(b) Use a non-parametric method to estimate the spectrum of the vibrations. Plot the
spectrum estimate and determine the frequencies (in Hertz) of the first, second and
third harmonic. (3p)

(c) Use a parametric method to estimate the spectrum of the vibrations. Plot the spec-
trum estimate (in the same plot as the non-parametric spectrum estimate) and mo-
tivate the selected model order. (4p)

4. Considerthe state-space model

xk+1 = 0.99xk + wk

yk = xk + ek

where wk and ek are independent white noise process with variance 0.12 and 0.52, respec-
tively. Further, E{x0} = 0 and E{x20} = 1.

(a) Propose a Kalman filter algorithm for calculating the estimate x̂50|N , where N > 50.

That is, design a Kalman filter for estimating x50 given the measurements {yi}Ni=1.
(5p)

(b) Plot var(x̂50|N )/var(x̂50|50) for N = 50, 51, . . . , 100 and comment on the result. (5p)

Hint: One way to solve the problem is to extend the state vector to include one or more
additional states and then use a time-varying state-space model and the standard Kalman
filter algorithm.

Figure 1: Calculated Kalman filter states x̂k|k and associated confidence intervals calculated
from the covariance matrices Pk|k.
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