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Abstract

In recent years, there has been a proliferation of arti cial intelligence in various settings
due to advances in machine learning technology. Among these is reinforcement learning,
a method of learning optimal sequences of actions through repeated trial and error,
which has gained attention as a means of creating robots capable of exhibiting complex
behaviors and adapting to unknown environments. However, traditional reinforcement
learning su ers from low sample e ciency and low generalization performance, which are
critical issues that must be addressed in the development of autonomous robots. Brain-
based arti cial intelligence, on the other hand, is a machine learning approach that
exploits the ndings of brain science and mimics the information processing processes
that occur in the human brain.

One type of arti cial intelligence that falls under this umbrella is "World Model™,
which is a cognitive science understanding of information processing in the human brain
and a framework for modeling the external world from observed information. David Ha
et al.[1] implemented a model that predicts the time-evolving state of the external
world using "World Model" and enables action selection based on the results within the
framework of model-based reinforcement learning. The use of this model in an Al game
has resulted in superior performance compared to traditional reinforcement learning
methods.

Despite this, "World Model™ has limited real-world applications due to the high
dimensionality of the observed information. As such, our group aims to promote the en-
gineering applications of brain structure and information processing by constructing an
Al car utilizing the "Dreamer™ [2], a type of “"World Model", with the goal of achieving
automated driving in a real-world environment. To this end, we employed the Donkey
Car [3], a self-driving platform for radio-controlled cars, as the physical machine.

First, we aimed to obtain appropriate driving for the Al car in the simulation
environment. To achieve this goal, we set up a reward system for automatic driving in
a real environment, and veri ed whether the Al car could acquire appropriate driving
by reinforcement learning in our simulator. However, the simulation environment was
implemented by replacing the machine learning method in the existing simulator from
supervised learning to reinforcement learning using Dreamer. As a result, we con rmed
that the Al car could drive appropriately with the rewards we set in the simulation
environment. In addition, we also con rmed that the Al car could learn by ne tuning
in a di erent environment, and that it could also drive appropriately and autonomously
in that environment.

Next, we modi ed a radio-controlled car to achieve automatic driving in a real
environment. To achieve this goal, we veri ed whether the Al car could achieve proper
driving in a real environment by taking data from automatic driving of the Al car using
a model obtained by training in a simulation environment and then learning on the
simulator using the data. However, the Al car was implemented using the Jetson Nano
[5] microcontroller for edge Al and the Donkey Car kit [6]. As a result, we con rmed
that the Al car can properly drive automatically using the learned model obtained from
the simulation. As a result, it was con rmed that the Al car using the learned model
obtained from the simulation could drive appropriately in an autonomous manner.

Our group aimed to accomplish the implementation of autonomous driving within
an actual environment. As a result, we were able to achieve self-driving within a real
environment by implementing an Al car using "World model™ that properly drives
autonomously on a course. This achievement is believed to be a signi cant contribution
to the advancement of brain-inspired arti cial intelligence and its practical application
in the realm of autonomous robotics. In the future, our intention is to enhance the
sample e ciency and generalization performance of the Al car, as well as investigate
the potential for its utilization in a variety of real-world scenarios.

Keyword World Model, Deep Learning, Automated Vehicle, Jetson Nano
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