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ABSTRACT

With the increasing use of rescue robots in disasters, such as earthquakes and tsunami,
there is an urgent need to develop robotics software that can learn and adapt to any
environment. Reinforcement Learning (RL) is often used in the development of robotic
software. RL is a field of machine learning within the computer science domain; moreover,
many RL methods have been proposed recently and applied to a variety of problems, where
agents learn policies to maximize the total number of rewards determined according to
specific rules. In the process whereby agents obtain rewards, data consisting of
state-action pairs are generated. The agents’ policies are improved effectively by a
supervised learning mechanism using a sequential expression of the stored data series and
rewards.

Typically, RL agents must initialize policies when they are placed in a new environment,
and the learning process starts afresh each time. Effective adjustment to an unknown
environment becomes possible using statistical methods, such as a Bayesian network

model, mixture probability, and clustering distribution, which consist of observational data



for multiple environments that the agents have learned. However, adapting to
environmental change, such as unknown environments, is challenging. For example,
setting appropriate experimental parameters, including the number of the input status and
the output action, becomes difficult in complicated real environments, and that makes it
difficult for an agent to learn a policy. Furthermore, the use of a mixture of Bayesian
network models increases the system’s calculation time. In addition, due to limited
processing resources, it becomes necessary to control computational complexity.

The goal of this research is to create an efficient and practical RL system that is
adaptive to unknown and complex environments, such as dynamic movement environments
and multi-layer environments. In addition, the proposed method attempts to control
computation complexity while retaining system performance.

In this study, a modified profit-sharing method with new parameters, such as changing
reward value, is proposed. A weight update system and changing the dimension of the
episode data make it possible to work in dynamically moving multi-layer environments. A
mixture probability consisting of the integration of observational environmental data that
an agent has learned within an RL framework is introduced. This provides initial
knowledge to the agent and enables efficient adjustment to a changing environment. A
clustering method that enables selection of fewer elements has also been implemented.
This reduces computational complexity significantly while retaining system performance.
By statistical-model approach, an RL system with a utility algorithm that can adapt to

unknown multi-layer environments is realized.
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