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Abstract

The problem of path planning occurs in many areas, such as computational
biology, computer animations and computer-aided design. It is of particular
importance in the field of robotics. Here, the task is to find a feasible path/
trajectory that the robot can follow from a start to a goal configuration. For
the basic path planning problem it is often assumed that a perfect model
of the world surrounding the robot is known. In industrial robotics, such
models are often based on, for example, CAD models. However, in applications
of autonomous service robotics less knowledge about the environment is
available. Efficient and robust path planning algorithms are here of major
importance. To be truly autonomous, a robot should be able to plan all motions
on its own. Furthermore, it has to be able to plan and re-plan in real time,
which puts hard constraints on the acceptable computation time.

This thesis presents a novel path planning method called Probabilistic
Cell Decomposition (PCD). This approach combines the underlying method
of cell decomposition with the concept of probabilistic sampling. The cell
decomposition is iteratively refined until a collision-free path is found. In each
immediate step the current cell decomposition is used to guide probabilistic
sampling to important areas.

The basic PCD algorithm can be decomposed into a number of components
such as graph search, local planning, cell splitting and probabilistic sampling.
For each component different approaches are discussed. The performance of
PCD is then tested on a set of benchmark problems. The results are compared
to those obtained by one of the most commonly used probabilistic path
planning methods, namely Rapidly-exploring Random Trees. It is shown that
PCD efficiently solves various kinds of path planning problems.

Planning for autonomous manipulation often involves additional path
constraints beyond collision avoidance. This thesis presents an application
of PCD to path planning for a mobile manipulator. The robot has to fetch a
carton of milk from the refrigerator and place it on the kitchen table. Here,
opening the refrigerator involves motion with a pre-specified end-effector path.
The results show that planning the different motions for the high-level task
takes less time than actually executing them. The whole series of subtasks takes
about 1.5 seconds to compute.
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