
EXAMINATION IN DIGITAL SIGNAL PROCESSING (TSRT78)

TIME: Aug 28th, 2020, at 8.00-12.15

COURSE: TSRT78, Digital Signal Processing

EXAMINATION CODE (PROVKOD): TEN1

DEPARTMENT: ISY

NUMBER OF EXERCISES: 6

NUMBER OF PAGES: 3 + cover page

RESPONSIBLE TEACHER: Gustaf Hendeby, tel 070-0896668

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. Match the spectra in Fig. 1 with the corresponding window function used in the calculation
of the spectra. The signal is a multi-sine with 3 frequency components.

Figure 1: Spectra and window functions

2. Consider a system described by the following state-space model

xk+1 =

[
1.1 1
0 0.9

]
xk + wk

yk =
[
0 1

]
+ vk

where wk and vk are independent white noise processes with variance 1.

Which of the following statements is true? (3p)

(a) The system is unstable

(b) The system is observable

(c) As k →∞ then yk becomes a stationary stochastic process

(d) As k →∞ then xk becomes a stationary process

3. Consider a FIR filter with the following impulse response

hn =



−2, n = −2
−1, n = −1
0, n = 0
1, n = 1
2, n = 2
0, otherwise

Which of the following statements is true? (3p)

(a) The filter is causal
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(b) The filter has a constant phase shift

(c) The filter is a low-pass filter

(d) The output of the filter is the derivative of the input

4. Consider the signal

yn = hn ∗ sn + vn (1)

where sn and vn are independent white noise sequences with variance 2 and 1, respectively.
Further, the filter hn has the impulse response

hn =



2, n = 0
1, n = 1
4, n = 2
3, n = 3
1, n = 4
0, otherwise

Determine the causal 2-tap FIR Wiener filter for estimating sn from yn. (10p)

5. Consider the signal model

yk = f(xk; θ) + ek.

where

f(x; θ) =
M∑
i=0

θix
i
k

(a) Given the output yk and input xk signal stored in polydata.mat, estimate the model
parameters {θi}Mi=0. Select a good model order usnig Akaikes information criterion
and visualize the estimated model, i.e., f(x; θ̂), for x = −1,−0.99,−0.98, . . . , 1. In-
clude the data in the same plot. (5p)

(b) Use the relationship

var{f(x; θ̂)} =

(
df(x; θ)

dθ

)T

Cov{θ̂}
(
df(x; θ)

dθ

)
to plot the confidence interval of the estimated model for x = −1,−0.99,−0.98, . . . , 1.
(5p)

Hint: See Alg. 6.1 in the course book.

6. Consider the signal model

xk+1 = αxk + wk

yk = xk + vk,

where wk and vk are mutually independent white noise processes with variance 1. You
want to compare the performance of the stationary Kalman filter and the one-step back
stationary Kalman smoother.
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(a) Determine the performance gain

limk→∞ E{(xk − x̂k|k)2} − limk→∞E{(xk − x̂k|k+1)
2}

limk→∞ E{(xk − x̂k|k)2}

for α = 0.9 and α = 0.1 (5p)

(b) Why is the performance gain higher for α = 0.9? (5p)

Hint: Rewrite the state-space model to also include the previous state in the state vector.
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