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Development of Methods for Acquiring
Internal Representation for Vision based

Agents by Tactile Information*

Kazunori Terada

Abstract

The goal of this research is to develop autonomous mobile agents, which can
tolerate change of environment. Agents that act according to the surrounded
environment should have some internal representations of the environment. In
traditional robotics research, such representations are usually given a priori, e.g.,
generation of three-dimensional model by interpretation of images. But it is not
realization of autonomous agents because it means that their cognitive abilities
are carefully designed by human designers according to the environment and their
physical capabilities. In order to realize autonomous agents, they should build
their internal model of the environment by themselves not by human designers.
There exist two problems to acquire internal representation, especially mapping
between visual input and action; 1) how to construct internal state space auto-
matically and 2) how to consider the embodiment of agent. In this paper, in
order to solve these problems, we show three types of methods of acquiring in-
ternal representation based on tactile sensors, which can only perceive physical
interaction between agent’s body and object directly.

Firstly, we show a method to construct a state space with self-organization

map. The state space is generated by classifying input patterns according to their

*Doctor’s Thesis, Department of Information Systems, Graduate School of Information Sci-
ence, Nara Institute of Science and Technology, NAIST-IS-DT9761012, March 23, 2001.
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similarity that is performed as off-line competitive learning with self-organization
map. An experimental result shows that the agent can learn appropriate [
behavior with the generated state space of which number is reduced in comparison
with the number of the original state space.

In the second study, the state space is generated by experiences in achieving
the tasks. In the first study, the state space is generated only by similarity of
input pattern. But it is not sufficient for agents to perform more complicated
tasks, i.e., the state space should be generated according to the tasks. Since
tasks in this study is to reach some objects, achievement of tasks is perceived as
the tactile stimulus received at the end of action series. We give a reward for
an action in the action series by discounting the end of the action series. By
analyzing these tactile stimulus statistically, we could discover visual feature and
could discriminate state spaces. An experimental result shows that one visual
feature is selected from some prepared features, and the size of state space is
reduced by merge process. The agent can learn behavior of reaching with this
state space.

In the third study, we represent internal representation depending on embod-
iment as a utility function based on tactile sensor. Utility function represents
objects in visual input, and the physical relation between agent’s body and object
by estimating the behavior between them. By integrating these utility function-
s according to tasks, the agent can discriminate various objects and determine
whether a gap between two objects is to pass or not.

Through these studies, we can conclude that using tactile sensors as cue of
construction of internal state space, we can realize complete autonomous mobile

agents with less a priori knowledge on their tasks, bodies and environment.

Keywords:

autonomous agent, internal representation, vision, tactile sensor, embodiment,

object recognitinon, utility function
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