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Abstract

The neuroethology is an interdisciplinary study among
artificial intelligence, biology and robotics to under-
stand the animal behavior and its underlying neural
mechanism. We argue that the neuroethological ap-
proach helps understand the general artificial intelli-
gence.

Introduction

Many animal behaviours demonstrate unsolved mys-
teries and some biologists have studied to answer the
question of how their intelligence is connected to the
behaviours. Their intelligence level is not superior to
human intelligence, but the study of animal intelligence
provides a clue to understand what kind of neural mech-
anism supports the intelligence. This study stimulates
relevant studies in the field of robotics and artificial
intelligence. Robotists have worked to find how sen-
sory stimuli are connected to motor actions, what is a
good mapping from sensors to motors, how the learning
mechanism helps to build more complete information
about the environment, and what is the optimal con-
trol based on the acquired environmental information.
All these kinds of problems can also be found in the
analysis of animal behaviours as well as human brain
system. Still unknown are their underlying mechanisms
in details.

Some scientists simulate human brain models to un-
derstand the general intelligence, and analyze a map of
neurons in terms of the function of human brain, and
try to answer how the system of neurons works. Assum-
ing all biological animals have diverged from their an-
cestral animals with respect to the evolutionary track,
we can guess that their brain system and the functions
should have similar neural mechanisms and operations.
The neuroethological approach explains how and why
the animals behave at a specific situation or survive
their environments. It shows how their brain system
organizes the sensory-motor loop and issues appropri-
ate commands of control for desirable behaviours, and
ultimately may explain what is the intelligence. From
invertebrate animals to humans, the intelligence follows
evolutionary steps as the complexity of the brain sys-
tem develops. We believe that this kind of study can

demonstrate all the levels of intelligence, and further-
more, elements of artificial general intelligence.

Neuroethological Approach

The neuroethology, as a multidisciplinary study be-
tween neurobiology and ethology, focuses on the study
of interaction of neural circuitry to explain the be-
havioural concepts or strategies found in animals. This
field covers the underlying mechanism and analysis to
cover high-level features of animal cognition. There
is an example of neuroethological approach to under-
stand a part of the artificial general intelligence. Pas-
sive sensing and active sensing depending on motor ac-
tions are classified as a different level of intelligence.
Passive sensing implies receiving sensory information
from the environment without any sensor-motor coor-
dination. In contrast, active sensing is involved with
a sequence of motor actions which change the environ-
ment or activate the body movement, and ultimately
produces another view of sensory information.

A collection of sensory information depending on a
sequence of motor actions provides information of the
environment in more details. For example, bats have
an echolocation system to search for food. They use
the ultrasonic system to emit the signal and sense the
reflected sonar signal to measure the location, size and
the moving speed of their prey. Similarly, electric fish
have electrolocation by generating the electric field and
observe the change of the electric field distorted by the
surrounding objects. These animals have a relatively
large size of the brain to process the active sensing re-
sults. It is believed that their brain systems have a
prediction model for their self-generated motor actions
to estimate accurately the location of their target ob-
ject. This system corresponds to a forward model in
the human brain system. The cerebellum includes the
forward model and inverse model for their motor ac-
tions and sensory information (WK98). Also, it is pre-
sumed that crickets show a low-level forward model for
auditory system (Web04). From the neuroethological
analysis, we can infer the fundamental mechanism of
the brain system and thus a predictive system for intel-
ligence can be explained.

Biologists and neuroethologists have studied sensory
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systems and their sensorimotor coordination (Car00).
Bats use echolocation for prey capture and navigation
in the cave, and electric fish show underwater naviga-
tion and electric communication. Barn owls have their
specialized auditory system. Aplysia show the fun-
damental mechanism of learning and memory with a
small number of neurons. Rats use spatial cognition
and memory, and navigate in the dark. Crabs show
visual information processing, the eye-leg coordination
and path integration (ZH06). Honeybees have visual
navigation, learning and its flight mechanism depend-
ing on vision (SZ00). Many animals have their own fea-
tures of sensory mechanism, the coordination of motor
actions, or adaptibility and learning mechanism, and
many of them can partly provide a key to understand
the intelligence.

Animals have robust mechanism adapting themselves
to their environment. Their sensory processing and pat-
tern recognition are organized to extract relevant infor-
mation from the environmental system. The system
robustly works even in noisy environments. The motor
actions triggered by sensory information are regulated
efficiently and a sequence of multiple motor actions are
integrated in high skills. This kind of dexterity should
be explained by neural mechanism to understand the
intelligence.

Robotics

There have been many robotic applications that look
intelligent to the public. However, in many cases, the
approach is far from the artificial general intelligence.
Robotic problems consider a specific application and
they are often based on engineering analysis and design.
Intelligence is a side-effect with the approach, but neu-
rorobotics and neuroethological approach to robotics
have demonstrated the neural mechanism and its appli-
cation motivated by biological systems. It is a part of
systematic and integrative approach to the intelligence.
The current state of the work still has a narrow range
of scope for the artificial general intelligence. If more
integrative methods are available to explain high-level
features of intelligence such as planning and inference,
it would help understand the general artificial intelli-
gence.

Intelligent robots handle how a robotic agent behaves
autonomously. The robotic agent behaviours resemble
the animal behaviours with respect to the system model
including sensory system, motor actions, sensory-motor
coordination, and further, a hierarchy of the interaction
levels among the system elements. Thus, understanding
animal behaviours may lead to a possible application of
intelligent robotic system. In addition, understanding
human brain system can produce intelligent machines
with human-level cognition.

Artificial General Intelligence

The general intelligence needs to cover all levels of in-
telligence from low to high level of features. How the

system is organized into a high level of features is still
an open question. Another program or concept is re-
quired for the artificial general intelligence. How the
agent generalizes the knowledge over various domains
or modalities and how the agent conceptualize the in-
stances are interesting problems in this field. The pro-
cess should be modelled with a neuronal system and
it is believed that it requires a complex type of adap-
tation or networked organization. We expect the fea-
tures could be explained by complex networks over a
collection of neuron units, where each neuron has its
own adaptivity and learning. A simple neuron itself
has adaptation for the synaptic plasticity depending on
their inputs and output. This kind of adaptation may
lead to a complex structure of agents and explain how
agents interact each other. It seems it may be related
to emergent properties of a collection of units.

This neuroethological study may reveal the basic el-
ement of the artificial general intelligence for learning
and adaptation process. Especially it has a potential of
application for robotic agents to behave intelligently as
natural animals do. Yet we still need further work to
relate the neuroethology to the high-level agent archi-
tecture including reasoning, planning and solving prob-
lems.

Conclusion

We suggest a neuroethological approach to robotics can
explain the behaviour-level intelligence and its underly-
ing neural mechanism. It will explain many important
concepts of sensory integration, sensor-motor coordi-
nation and learning mechanism needed for the general
artificial intelligence.
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