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Exercise 1: Landmark-Based EKF Localization

Consider a robot in a static environment with the two distinct landmarks “No-
Smoking Sign” and “Clock” as depicted in Abbildung 1. Execute one iteration of
the EKF localization algorithm to estimate the robots’ pose after a movement and
the observation of the two landmarks.

Abbildung 1: A robot rotation around its center and two landmarks.

The robot starts at time 0 at position (x, y, θ) = (0, 0, 0) with a pose uncertainty
given by Σ = ((1, 0, 0), (0, 1, 0), (0, 0, 0.1)). For δt = 1s it rotates with angular speed
ω = 0.785 (45◦). Let the motion model be defined by α1 = α3 = 0.1 and α2 =
α4 = 0.01. After the rotation, landmark 0 (“No-Smoking Sign”) is observed as
z0 = (10, 0.61 (35◦), 0) and landmark 1 (“Clock”) as z1 = (30,−0.96 (−55◦), 1),
whereby the vectors denote (range,bearing,signature) measurements. We assume,
that the landmarks are easy to distinguish so that a perfect feature correspondences
is given. The measurement uncertainty shall be given by (σr = 0.5, σΦ = 0.1,
σs = 0.1).

(a) Perform one iteration of the filter and give the resulting pose estimate µ1 as
well as the pose uncertainty matrix Σ1.

(b) Compare the old and new pose estimates as well as the uncertainty ellipses in
a rough sketch. How did the pose estimates change and why?
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For the solution of this exercise you may find computer algebra systems like the
freely available MuPAD (http://www.mupad.de/) helpful. Think carfully about the
formulas before implementing or calculating them, because there are many simplifi-
cations possible in this special case.

Exercise 2: Model Parameters

(a) In the exercise above, why does it make sense to set α1 and α3 to a greater
value than α2 and α4?

(b) How would you intuitively set the measurement uncertainties σr, σΦ and σs

for the following sensors:

• sonar

• laser

• monocular vision

• stereo vision

What type of landmark did you have in mind for your choices?

(c) For Exercise 1, would it be possible to use the standard version of the Kalman
filter? How would you expect the results to change?
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