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Designing control strategies for complex tasks in the real world such as autonomous navigation of
robots is a difficult problem because some properties of the working environment may not be known
in advance. In such cases, it is necessary to build a control strategy by learning from the interactions
with the environment. The reinforcement learning paradigm is suitable for solving such problems. It
is a similar paradigm to what many animals use when they encounter problems with no known
solution.

In reinforcement learning, the learning agent starts with arbitrary rules of interacting with its
environment. After each interaction, it receives a scalar valued reward or punishment called
“reinforcement”. The aim of the agent is to explore its environment through a series of trial and
error interactions and update its rules of behavior so as to maximize the reinforcement signal over
time.

Established reinforcement learning algorithms such as Q-learning(Watkins, 1989) and many others
require the perfect detection of the state of the environment in order to achieve optimal
performance. However, in most real world tasks, the environment has states which are not directly
detectable by the learning agent because sensors are not sufficient, or because the state set of the
environment is too large to manage. This is called the “incomplete perception” problem. To be able
to obtain the optimal performance with reinforcement learning in real world tasks, it is necessary to
develop methods that can overcome the problems caused by incomplete perception.

This thesis proposes two solution methods for the problem of incomplete perception in
reinforcement. In both methods the learning agent autonomously develops a dynamic model of the
environment using the history of interactions between itself and the environment. This model
complements the sensory inputs of the agent, and provides the missing information about the state of
the environment. The decisions of the agent are then based on the states of the model in order to
overcome the problem of incomplete perception. Recurrent neural networks are used for building the
dynamic model in the proposed methods.

The first method, called “Q-learning with recurrent neural networks” is a general method that
implements Q-learning with recurrent neural networks. Several types of learning agent structures
are proposed. Validity of the method is examined using computer simulations and test environments,
such as environments having discrete state spaces and governed by symbolic rules, and
environments having a continuous state space, governed by differential equations.

The method is successful in discovering the optimal behavior. The examination of the dynamic
models developed during learning show that such models develop gradually, incorporating more and
more details of the environment, and eventually produce an accurate representation of the actual
environment states. Further, the evaluation of the environment states is close to the theoretical
optimum.

The second method is called “stochastic gradient ascent with recurrent neural networks”, based
on the SGA algorithm(Kimura et al,, 1996). It calculates the local gradient of the reinforcement signal
with respect to the internal parameters of the recurrent neural network, and improves its behavior
pattern using this gradient. Two architectures with recurrent neural networks are proposed. Results
of numerical simulations show that they are capable of developing non trivial representation of the
environment state to obtain the optimal behavior, even under severe sensor restrictions.
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