ESANN'2005 proceedings - European Symposium on Artificial Neural Networks
Bruges (Belgium), 27-29 April 2005, d-side publi., ISBN 2-930307-05-6.

Adaptive robot learning in a
non-stationary environment

Kary Framling

Helsinki University of Technology, Department of Computer Science, FI-02015 HUT, Finland
Kary.Framling@hut.fi

Abstract. Adaptive control is challenging in real-world applications such as
robotics. Learning has to be rapid enough to be performed in real time and to avoid
damage to the robot. Models using linear function approximation are interesting in
such tasks because they offer rapid learning and have small memory and
processing requirements. This makes them suitable as adaptive controllers in non-
stationary environments, especially when the controller needs to be an embedded
system. Experiments with a light-seeking robot illustrate how the robot adapts to
the environment by Reinforcement Learning where the robot collects training
samples by exploring the environment.

1 Introduction

The use of machine learning in real-world control applications is challenging. Real-
world tasks, such as those using real robots, involve noise coming from sensors, non-
deterministic actions and uncontrollable changes in the environment. In robotics,
learning must be relatively rapid and possible to perform without causing damage to
the robot. Only information that is available from robot sensors can be used for
learning. This means that the learning methods have to be able to handle partially
missing information and sensor noise, which may be difficult to take into account in
simulated environments.

Artificial neural networks (ANN) are a well-known technique for machine
learning in noisy environments. In real robotics applications, however, ANN learning
may become too slow to be practical. One-layer linear function approximation ANNs
(often called Adalines [7]) offer faster training than non-linear ANNs and their
convergence to an optimal solution can usually be guaranteed. These are properties
that are particularly useful in non-stationary environments that require rapid
adaptation, especially if the robot has to explore the environment and collect training
samples by itself. Learning by autonomous exploration of the environment is often
performed using reinforcement learning (RL) methods. Finally, the limited memory-
and computing power needs of Adalines make them easy to use in embedded systems.

The structure of this paper is as follows. Section 2 gives background
information about gradient descent learning and RL, followed by experimental results
in Section 3. Related work is studied in Section 4, followed by conclusions.

2 Gradient descent reinforcement learning

In gradient descent learning, the free parameters of a model are gradually modified so
that the difference between the output given by a model and the corresponding
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