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Question 1
Both Extended Kalman Filters and Particle Filters are discussed in this course. Give for both algorithm an
example of a situation that ”breaks” the algorithm.

Question 2
Before a mobile robot can perform a serious application, a solution has to be found on the following four
tasks:

• Where am I?

• Where have I been?

• Where am I going?

• How can I reach that location?

Unfortunatelly, these problems cannot be solved independently from each other. Each is related to
a field of robotics, described with at least a chapter in the textbook [3]. Figure 1 illustrates the overlap
between of those robotics fields. The overlapping regions are tagged with Roman numerals.

Give a name to each of the overlapping regions, give a short description of that field of research and
explain why an integrated solution is needed.

Give enough detail to demonstrate that you are comfortable with this subject. Keep it concise, because
your description can be easily become fishy due a few incorrect associations.

Figure 1: Tasks that need to be solved by a mobile robot. The overlapping regions represent combinations
of mapping, localization and motion control. (Courtesy Makarenko et al. [2])
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Question 3
Bayesian filtering is a general framework for recursively estimating the state of a dynamical system. Key
components of each Bayes filter are probabilistic prediction and observation models. The dynamics of the
described system is caught in both models, which can have many free parameters. For a blimp the motion
model can be described with 16 parameters. In a paper in Autonomous Robots Journal [1], Dieter Fox
shows how the free parameters can be learned with a non-parametric Gaussian process (GP) regression
method to localize such a blimp (see Fig. 2.

Figure 2: The blimb in an environment with a motion capture system. (Courtesy Ko and Fox [1])

The GP regression method is outside the scope of this course. What is important, is that GP models
can be incorporated in three instantiations of Bayes filters that you already know via the definition of four
functions:

GPµ([xk−1,uk−1], Dp) (1)

GPΣ([xk−1,uk−1], Dp) (2)

GPµ(xk, Do) (3)

GPΣ(xk, Do) (4)

which give an estimate on the mean µ and covariance Σ of the conditional probabilities p(xk|xk−1,uk−1)
and p(zk|xk) based on the training set Dp and Do.

The state x consists of position p, orientation ξ, linear velocity v, and angular velocity ω. The blimb
has three fans; two main fans in a gondola below the blimp and one small one in the tail. The control u
consist of three inputs: the power of the blimb’s gondola fans, the angle of the gondola fans and the power
of the tail fan. The motion capture system in the room is only used for ground truth; the observations z of
the blimp are made with two cameras. Observations are formed by background subtraction followed by the
fitting of an ellipse to the remaining (foreground) pixels. The observations are the parameters of the ellipse
in image space, parametrized by the position, size, and orientation.
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a) Particle filter
Figure 3 illustrates the pseudo code to incorperate a GP model inside a particle filter. Inside figure 3
GP ([xk−1,uk−1], Dp) is used as short for the Gaussian distributionN (GPµ([xk−1,uk−1], Dp), GPΣ([xk−1,uk−1], Dp)).

Figure 3: Gaussian process particle filter algorithm (Courtesy Ko and Fox [1])

The algorithm as shown in figure 3 contains one small mistake. Can you find that mistake? How can
the line of pseudo code be corrected?

b) Extended Kalman filter
Figure 4 illustrates the pseudo code to incorperate a GP model inside an extended Kalman filter.

Figure 4: Gaussian process extended Kalman filter algorithm (Courtesy Ko and Fox [1])

Give the definition of the motion function g() and measurement function h() based on the pseudo code
in figure 4.
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c) Unscented Kalman filter
Figure 5 illustrates the pseudo code to incorperate a GP model inside an unscented Kalman filter.

Figure 5: Gaussian process extended Kalman filter algorithm (Courtesy Ko and Fox [1])

How many sigma points are used in this algorithm (a blimp floats in 3 dimensions)?
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