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Abstract

PYTHEAS is an integrated robotic software system that offers advanced navigation capabilities, which include
localization, workspace mapping, path planning and tracking and obstacle avoidance. PYTHEAS facilitates mapping of
an unknown indoors environment by exploiting information extracted from a laser scanner. Based on this acquired
environment representation, the system is able to navigate autonomously in the mapped environment, while, at the same
time, avoiding dynamic obstacles such as moving persons, etc. All the required competences are coupled in an
integrated system, which can be controlled through a user-friendly interface over the web. Extensive experimental
results demonstrate the capability of the developed system to map complicated environments and support navigation in
dynamic worlds.

1. Introduction

PYTHEAS is an integrated system, which provides the ability to a user to remotely control a robotic platform,
in order to map an unknown environment and effectively navigate in it, avoiding dynamic obstacles. Mapping is the
procedure of extracting information from the physical environment by using the robot's sensors and transforming it to
an appropriate internal representation of the environment. The accuracy of a map depends crucially on the alignment of
the robot with the map. Therefore, estimating and constantly updating the robot’s position, is an important issue in map
building. This procedure is called localization. Assuming that the robot has an abstract description of the environment
(a map) and that it knows its current position and the position of its goal, the robot must search the map for a path
leading to the goal that is optimal under certain criteria, avoids static obstacles and that is wide enough to let the robot
fit through. This phase is called path planning. Its output could be a set of sub-goal positions that have to be executed
by the robot in a second phase, called plan execution. Motion planning relies on accurate, static models of the
environments and therefore they often fail to function if unpredictable obstacles block their path. Autonomous mobile
robots have to perceive their environments and re-plan dynamically in order to achieve their missions. The tasks
mentioned above constitute very important issues in the mobile robotics field and many algorithms have been proposed
for tackling them.

Recent research has produced two fundamental paradigms for modeling indoor robot environments, the grid-
based, metric paradigm and the topological paradigm. Grid-based approaches, such as occupancy grids proposed by
Moravec and Elfes [1], represent environments by evenly spaced (2D) grids. Each grid cell may, for example, indicate
the presence of an obstacle in the corresponding region of the environment. Topological approaches represent robot
environments by graphs, as initially proposed by Kuipers, Byun, Mataric and others [2,3].

A number of approaches that cope with uncertainty in robot’s position are based on Markov models [4,5]. In
[6] Thrun and Bucken confront the same problem by combining three kinds of information, wheel encoder readings,
correlation between a local and the constructed global map and wall orientation. Usually the solution of the position
tracking problem results in an independent module with accuracy that depends on the available computation time.
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