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Exercise 1: First-Order Error Propagation

Suppose the general case of a non-linear multi-input multi-output system with n
correlated input random variables X1, ..., Xn with Xi ∼ N (µXi

, σ2
Xi

) and (without
loss of generality) two output random variables Y and Z.

We set Y = f(X1, ..., Xn) and Z = g(X1, ..., Xn) and approximate the functions f(.)
and g(.) by a first-order Taylor series expansion:

Y ≈ f(µ1, ..., µn) +
n∑

i=1

∂f

∂Xi

∣∣∣∣
µi,...,µn

(Xi − µi) (1)

Z ≈ g(µ1, ..., µn) +
n∑

i=1

∂g

∂Xi

∣∣∣∣
µi,...,µn

(Xi − µi) (2)

Derive the expression for the covariance σY Z between Y and Z given the rules for
the expected value

E[a] = a (3)

E[aX] = aE[X] (4)

E[X + Y ] = E[X] + E[Y ] (5)

E[XY ] = E[X]E[Y ] if X and Y are independent (6)
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and the following definitions for mean, variance and covariance:

µX = E[X] (7)

σ2
X = E[(X − E[X])2] (8)

σXY = E[(X − E[X])(Y − E[Y ])] (9)

Exercise 2: Landmark-Based SLAM

Consider a mobile robot that has to map office and outdoor environments using
a landmark-based SLAM approach. For both environments, think of five different
types of landmarks that might be well suited. How useful are your landmarks
in combination with the following sensors: sonar, laser, monocular vision, stereo
vision? Please arrange your ratings1 (“++” very useful, “+” useful, “−” not useful,
“−−” not possible) in a 10 × 4 table and give short explanations for not-obvious
ratings.

1Please note, that different ratings might be possible under different assumptions (e.g. lighting-
conditions). The optimal choice of landmarks is still an open research question.
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