Robot Navigation with Markov Models: A

Framework for Path Planning and Learning with

Limited Computational Resources

�

Sven Koenig, Richard Goodwin, Reid G. Simmons

Carnegie Mellon University

School of Computer Science

Pittsburgh, PA 15213-3890

Fax: (412) 268-5577

fskoenig,rich,reidsg@cs.cmu.edu

Navigation methods for mobile robots need to take various sources of uncertainty into account

in order to get robust performance. The ability to improve performance with experience and

to adapt to new circumstances is equally important for long term operation. Real time

constraints, limited computation and memory as well as the cost of collecting training data

also need to be accounted for. In this paper, we discuss our evolving architecture for mobile

robot navigation that we use as a test bed for evaluating our methods for dealing with

uncertainty and limited computational resources.

Our architecture is based on POMDP models that explicitly represent actuator uncertainty,

sensor uncertainty, and approximate knowledge of the environment (such as uncertain metric

information). Using this model, the robot is able to track its likely location as it navigates

through a building. In this paper, we discuss additions to the architecture: a learning

component that allows the robot to improve the POMDP model from execution traces, and

a decision theoretic path planner that takes into account the expected performance of the

robot as well as probabilistic information about the state of the world. A key aspect of both

additions is the efficient allocation of computational resources.

keywords: robot navigation, dead reckoning, action and sensor uncertainty, partially ob-

servable Markov models, resource-bounded reasoning, Baum-Welch algorithm, decision

theoretic planning, contingency planning, meta level planning, sensitivity analysis

� This research was supported in part by NASA under contract NAGW-1175, by the Wright

Laboratory and ARPA under grant number F33615-93-1-1330, and by a fellowship of the German

National Fellowship Foundation (Studienstiftung des deutschen Volkes). The views and conclusions

contained in this document are those of the authors and should not be interpreted as representing the

official policies, either expressed or implied, of NASA, the Wright Laboratory, or the United States

government.