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Abstract

Path planning has important applications in many areas, for example industrial
robotics, autonomous systems, virtual prototyping, and computer-aided drug
design. This thesis presents a new framework for developing and evaluating
path planning algorithms. The framework is named CoPP (Components
for Path Planning). It consists of loosely coupled and reusable components
that are useful for building path planning applications. The framework is
especially designed to make it easy to do fair comparisons between different
path planning algorithms.

CoPP is also designed to allow almost any user-defined moving system. The
default type of moving system is a robot class, which is capable of describing
tree-like kinematic chains. Additional features of this robot class are: joint
couplings, numerical or closed-form inverse kinematics, and hierarchical robot
representations. The last feature is useful when planning for complex systems
like a mobile platform equipped with an arm and a hand.

During the last six years, Rapidly-exploring Random Trees (RRTs) have
become a popular framework for developing randomized path planning
algorithms. This thesis presents a method for augmenting bidirectional RRT-
planners with local trees. For problems where the solution trajectory has to
pass through several narrow passages, local trees help to reduce the required
planning time.

To reduce the work needed for programming of industrial robots, it is
desirable to allow task specifications at a very high level, leaving it up to the
robot system to figure out what to do. Here we present a fast and flexible pick-
and-place planner. Given an object that has to be moved to another position,
the planner chooses a suitable grasp of the object and finds motions that bring
the object to the desired position. The planner can also handle constraints on,
e.g., the orientation of the manipulated object.

For planning of pick-and-place tasks it is necessary to choose a grasp
suitable to the task. Unless the grasp is given, some sort of grasp planning
has to be performed. This thesis presents a fast grasp planner for a three-
fingered robot hand. The grasp planner could be used in an industrial setting,
where a robot is to pick up irregularly shaped objects from a conveyor belt. In
conjunction with grasp planning, a new method for evaluating grasp stability is
presented.
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