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Exercise 1: Data Explanation

Consider the following situation: with a 50% probability we generate a data point
from a normal distribution:

g(x, µ, σ) =
1

(2πσ)1/2
e−

(x−µ)2

2σ2

with mean µ = 0 and σ = 1, while with the other 50% probability we generate a
data point from a normal distribution with variance 1 and adjustable mean µ. We
have observed some data points, and we wish to adjust µ to maximize their

likelihood.

Suppose further that our data points are a = 2 and b = −1.5. We are told that
either a or b comes from the Gaussian centered at 0 (but not both). In that case,
there are only two data association possibilities: either a came from center 0 and b

came from center µ, or vice versa.

(a) Use gnuplot (or any other plotting tool) to plot the probability P (a, b | µ).

(b) Which is the mean µ so that a and b have the highest likelihood?

Exercise 2: Sensor Models

Consider a robot equipped with a laser sensor trying to estimate its distance from a
corridor wall. To simplify matters, we assume that only one laser beam positioned
at 90◦ on the left-hand side is available. The robot moves on a trajectory centered
within a circular corridor (see the figure below). The map of the environment is
known, the green obstacles are not.
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To estimate the probability of the laser measurements l1 . . . l4 at the four positions
x1 . . . x4, the robot needs the sensor models P (l | lexp). These sensor models can
be learned in a seperate learning process. Please consider the following four learn-
ing processes. Each diagram depicts the trajectory of the robot (red), a number of
laser measurements with the single available laser beam, and unmodelled obstacles
(green). Please note the maximum value for laser measurements m.
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Please draw for each of the four training situations a rough sketch of the sensor
models at the positions x1 . . . x4. This should result in sixteen diagrams for the
probability distributions P (l | lexp). Please draw in all the interesting values clearly
(a, b, m, lexp, etc.).
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