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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.
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- grade 3: 15 points

- grade 4: 23 points
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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.
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1. Answer the following concept questions. Remember to motivate your answer.

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

(b) You want to calculate the convolution yk ∗xk, where both signals contains 30 samples.
Your friend says it faster to do the calculation in the frequency domain than in the
time domain. Is your friend correct? (2p)

(c) You want to create a software defined radio that can receive signals in the frequency
interval 21−24 MHz, but only have access to an AD-converter with a sample frequency
of 10 MHz. Your friend says that you can use the AD-converter if you pre-filter the
analog signal with a bandpass filter that has a passband of 20 − 25 MHz. Is your
friend correct? (2p)

(d) Your friend has designed a Kalman filter to estimate the state xk (dim(xk) = 1) from
the measurements {yi}ki=0. Your friends says that Pk|k → var(x̂k|k) (the true state
covariance) as k → ∞ regardless of the value of P0|0. What conditions need to be
fulfilled for this to be correct? (2p)

(e) Your friend says that the spectral factorization theorem only can be applied if spec-
trum Φyy(ω) > 0 ∀ω. Why is this? (2p)

2. (a) Assume that we are doing a direct design of a FIR filter with the impulse response
hk by specifying the filters behavior in the frequency domain as

DFT{hk} = [0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, 0, 0, 0, 0, 0] .

What type of filter is this (LP, HP, BP, BS) and what is the cutoff frequency/frequencies
(in Hertz) of the filter if the sampling period Ts = 0.1 [s]? (4p)

(b) If F (ejω) = DTFT{fk} is a low-pass filter, show that G(ejω) = DTFT{gk} is a high-
pass filter if gk = (−1)k fk. Here gk and fk denote the impulse responses of the two
filters. (6p)

3. Consider the signal model

yk = xk + ek

sk = xk +
x3k
3

where xk and ek are two uncorrelated Gaussian distributed white noise process with vari-
ance Var{xk} = 1 and Var{ek} = 1, respectively.

(a) Determine the filter (estimator) of the form ŝk = β0 + β1yk + β2yk−1 that minimizes
the mean square error E{(sk − ŝk)

2}. (5p)

(b) Calculate the mean square error E{(sk − ŝk)
2} of the estimator. (5p)

Hint: For a zero-mean Gaussian distributed variable z with variance σ2
z it holds that

E{z3} = 0, E{z4} = 3σ4
z , E{z5} = 0, and E{z6} = 15σ6

z .
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4. Consider the state-space model

xk+1 =

[
1 1
0 1

]
xk +

[
0
1

]
vk

yk =
[
1 0

]
xk + ek

where ek and vk are independent white noises with unit variance.

(a) Determine the Kalman filter estimates x̂0|0 and x̂1|1, as well as the associated covari-

ance matrices P0|0 and P1|1, given that x⊤0 = [0 0], Π0 = 10I2, and y0 = y1 = 1.
(5p)

(b) Determine the estimates x̂0|0 and x̂1|1 given that the stationary Kalman filter is used
to filter the measurements y0 and y1. (5p)
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