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Abstract

This article describes a method for learning a set of landmarks suitable for place navigation. The approach is novel in
that it exploits the ability of a robot to learn through active perception in the task environment, similar to the learning by
experimentation technique developed for LEX (Mitchell et al., 1990). The proposed strategy uses heuristics to select and rank
candidate triples, then generates test cases to confirm that the best triple is sufficient. The method supports the use of multiple
sensors with different computational and energy costs, where a utility function captures the tradeoff between navigational
performance ranking and cost.

Over 100 data points were collected on a mobile robot using a laser barcode reader and computer vision to identify land-
marks. The results indicated that active perception and experimentation identified triples with better navigational properties.
Furthermore, the learning process is proactive: it was shown to prevent the robot from learning a triple which was not visible

over the entire navigational space and/or was not sufficient in practice.
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1. Introduction

Mobile robots, such as the NASA extra-vehicular
activity helper/retriever (EVAHR) robot and terres-
trial rovers, must be able to learn a specific location
relative to a set of natural landmarks; i.e., they must
be able to perform place recognition. They may also
need to be able to return to that place as part of a larger
mission or task sequence. For example, a terrestrial
rover may be sent to collect new soil samples from
the same positions, or an EVAHR may need to align
itself relative to a work area before initiating a partic-
ular task. The navigational demands of this scenario
are similar to the one proposed by Kuipers’ NX model
of topological navigation [4], where a robot navigates
to the “neighborhood” of a specific location, then uses
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sensor observations of the locally distinctive features
to position itself exactly.

Using the landmarks within a neighborhood to re-
turn to a learned location is particularly challenging
for autonomous mobile robots operating outdoors or
in space. First, there is the problem of identifying ap-
propriate landmarks. Outdoors and in space, the num-
ber of nearby objects which can be used as landmarks
may be sparse, unlike an indoor environment rich in
corners, walls, edges, etc. Fortunately, the robot may
be able to identify a natural landmark based on lo-
cally distinctive features, such as color, without iden-
tifying what the landmark is; e.g., there is a red blob
20° to the left versus there is a red sign 20° to the
left. A second problem is that even if the landmark
is easily recognized it may not provide much use-
ful localization information. The landmark may not
have a position known in absolute coordinates, making
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