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1. List the first three derivatives of the distance s(t).
velocity, acceleration, and jerk

2. Please choose the correct statements.
· The traveled distance under the assumption of constant acceleration is represented by the double integral of the acceleration over time.
· The traveled distance under the assumption of constant acceleration is represented by the integral of the acceleration over time.
· The velocity under the assumption of constant acceleration is represented by the double integral of the acceleration over time.
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1. Which constant velocity has a higher acceleration: 2 m/s or 5 m/s?
The acceleration for constant velocities is always zero, so they are both equal.
2. Which wheel parameter is needed when using odometry with wheel encoders?
the diameter or circumference of the wheel

1.3 
1. The left wheel of a moving system turns slightly faster than the right wheel. On what kind of trajectory do the wheels move?
The wheels move on an arc to the right.
2. Why should the measurement steps should be done frequently when using odometry for navigation?
Within the measurement intervals a constant velocity is assumed. This is only a valid approximation for very small distances.

1.4 
1. An imaginary flying system has six degrees of freedom and five degrees of mobility. Is its motion holonomic or non-holonomic?
Because the number of degrees of mobility is smaller than the number of degrees of freedom, it has a non-holonomic motion.
2. Which of the following systems has holonomic motion?
· train
· bicycle
· helicopter

1.5 
1. What should be done to reduce the accumulation of odometry errors over time?
An update of the absolute position by means of a method such as GPS must be carried out.

2.1 
1. What are the four sub problems of navigation?
path finding from start to end position, position tracking, obstacle avoidance, and position correction problem

2.2 
1. Which of the following is not a roadmap approach?
· Delaunay-roadmap
· Voronoi-roadmap
· randomized roadmap
· potential roadmap

2. What are the two different artificial potentials used in the artificial potential field method?
repulsive and attractive potential

2.3 
1. Which of the following is not a method used for obstacle avoidance?
· artificial potential field
· elastic band method
· Kalman filter

3.1 
1. Please select the correct statement.
· A topological map representation needs less memory.
· A topological map representation has a higher resolution.
· A metric map represents the environment as a graph.

2. Please name two different types of map representation.
metric and topological maps

3.2 
1. Which measurements are used for a triangulation?
angular measurements

3.3 
1. How many different distances have to be used to perform a trilateration in the two-dimensional space?
three

3.4 
1. Please select the correct statements.
· The Monte Carlo localization method approximates the posterior density using a set of particles.
· The Markov localization method uses a discretized state space representation.
· The Monte Carlo localization method can keep track of multiple hypotheses for the current state.

2. What is another name for the Monte Carlo localization?
particle filter

3.5 
1. Please select the correct statement.
· The motion uncertainty of moving systems is Gaussian when handled by the appropriate Lie group SE(n).
· The motion uncertainty of moving systems is Gaussian when handled in the Euclidean space.
· The motion uncertainty of moving systems is always Gaussian.

4.1 
1. Which of the following sensors can be used to detect the color of objects?
· LIDAR
· RADAR
· IMU
· camera
2. Which of the following is a proprioceptive sensor?
· LIDAR
· RADAR
· IMU
· GPS

4.2 
1. What is a banana distribution?
The banana distribution is a probability distribution incorporating an angular uncertainty.

4.3 
1. Which of the following terms describes the transformation of a state to a measurement?
· measurement function
· Kalman gain
· transition function

2. What are the two main steps for the Kalman filter?
the prediction and update (correction) steps
4.4 
1. How does the extended Kalman filter handle nonlinear models?
using a linearization of an estimate of the current mean and covariance
2. What is the matrix of partial derivatives used for the application to the covariances called?
Jacobian matrix

4.5 
1. Which information does the two-dimensional special Euclidean group SE(2) capture?
· translation
· rotation
· scaling
2. What does the integral of the probability hypothesis density over a certain region show?
the number of estimated objects within that region

5.1 
1. Please name two classes of planning algorithms.
combinatorial and sample-based planning

2. Which of the following methods belongs to the combinatorial planning algorithms?
· Voronoi diagram
· visibility graph
· probabilistic roadmap
· artificial potential field

5.2 
1. Please name three types of assumptions that can be made for motion prediction.
physics-based, maneuver-based, and interaction-aware assumptions.
2. Which of the following statements is correct?
· The longer the predicting horizon, the larger the uncertainty.
· The longer the predicting horizon, the lower the uncertainty.


5.3 
1. What is the name of a trajectory generated using piecewise accelerations, zero acceleration, and deceleration?
trapezoidal velocity trajectory
2. How many boundary conditions are needed for a 5th order polynomial trajectory?
six
3. Please define the term trajectory.
A trajectory is a path with a specified time schedule.















