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1. It is a well established scienti�c fact that �lter designers always get to see their favorite

musicians up close1. A �lter designer has recorded a concert and now wishes to �lter the

recorded signal y(t) such that the music signal s(t) is separated as well as possible from

the audience noise n(t). Assume the following signal model,

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

1 + 0.3q−1
w(t) + n(t)

where w(t) and n(t) are independent white noise processes, E[w(t)] = 0, Var(w(t)) = 2,
E[n(t)] = 0 and Var(n(t)) = 1.

(a) Compute the optimal Wiener �lter that can be used to estimate s(t) based on mea-

surements y(t), −∞ < t <∞. (5p)

(b) Compute the error variance Var(s(t)− ŝ(t)) for the Wiener �lter derived above. (5p)

2. The digital signal processing in certain types of RADAR sensors can be described as turning

peaks in the frequency spectrum into distances. If an object of interest is located close to

another object that re�ects signi�cantly more RADAR energy, it becomes di�cult to �see�

the object of interest in the data. A simple model of this problem is a signal that consists

of two sinusoids with similar frequency,

y[k] = sin(2π0.29k) +A sin(2π0.25k), 0 < A� 1, k = 0, 1, . . . , N − 1.

The task in this problem is to investigate how well the frequencies can be separated using

the Discrete Time Fourier Transform (DTFT). The DTFT is here approximated by the

FFT after zero-padding the signal to eight times the original length, i.e. add 7N zeros.

There are N = 128 samples and the sampling time is T = 1.

(a) For how small A is it still possible to see the low energy component in the DTFT of

y[k]? Motivate your answer by plotting the DTFT approximations of the two sinusoids

individually, and the DTFT approximation of the signal y[k], for di�erent values of
A. Hint: The �gures may be easier to interpret if you plot with a logarithmic y-axis,
use semilogy. (4p)

(b) What causes this di�culty to �see� the low energy component? (2p)

(c) Apply a suitable window function to the signal y[k], plot the DTFT approximation,

and compare to the result without windowing. How small can A be now? Motivate

your answer by plotting the DTFTs for di�erent values of A. (4p)

3. A signal is de�ned as

y(t) =
1 + 0.5q−1

1− q−1 + 0.09q−2
w(t) +

1 + 0.9q−1

1− 1q−1 + 0.25q−2
e(t) (1)

where w(t) and e(t) are two independent white noise processes, both with mean zero and

variance 1. Let the sample time be T = 1 second and generate 1000 samples of the signal

y(t).

N=1000; w=randn(1,N); e=randn(1,N);

y=filter([1 0.5 0],[1 -1 0.09],w)+filter([1 0.9 0],[1 -1 0.25],e);

1They use bandpasses.
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The task is to �nd an AR(n) model that describes the data as well as possible. Compare

your model with order n by comparing with at least two other model orders n1 and n2, and
motivate your choice of n. In the model comparison, use at least one comparison method

that is based on the spectral properties, and at least one comparison method based on

signal predictions. (10p)

4. The impact of unmanned aerial vehicles (UAVs) on the US economy is expected to reach

more than 80 billion between 2015 and 2025, creating more than 100'000 jobs2. One of the

many potential uses for UAVs is personal assistance to �rst responders. The idea is that a

UAV equipped with a camera can give an overview of, for example, the site of a car crash.

A necessary functionality for this task is the capability of staying close to, for example,

the rescue leader, a problem called leashing control. For leashing control to work the UAV

needs a good estimate of the position of the rescue leader.

Figure 1: Unmanned Aerial Vehicle. Image from the CUAS project.

If the UAV is equipped with a camera, a vision detector can be used to detect persons

in the video image. Using a camera model and estimates of the UAV's position and

orientation, the vision detections can be projected unto the ground plane. This ground

plane projection is a rough estimate of the persons position. The problem is that there are

a lot of uncertainties involved, and the ground plane projections are too noisy to be used

as input in a leashing controller. Signal processing is necessary in a pre-processing step.

The �le apr14.mat contains a matrix with position measurements. The �rst column con-

tains measurements of the x-position, and the second column contains measurements of

the y-position. We wish to use these measurements to estimate the position. The sampling

time is T = 1 seconds.

(a) Choose a suitable state space model for the problem. This includes choosing which

states to have in the state vector, choosing an appropriate motion model, and designing

the measurement model. (4p)

(b) Using the chosen state space model, use a Kalman �lter to estimate the position.

Visualize your results by plotting the estimated position and compare to the position

measurements. Visualize also any other states that you may have chosen to include

in the state vector. (6p)

2D. Jenkins and B. Vasigh, The Economic Impact of Unmanned Aircraft Systems Integration in the United

States, 2013. Association for Unmanned Vehicle Systems International.
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