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Abstract. In this paper, we support the scheme that visual cognition is organized by
natural neural networks based on experience. According to this scheme, networks learn
correlations between temporal variations of visual stimulation and their own motion to
organize visual cognition. We propose a neural network mechanism that learns corre-
lation between two sensations of visual stimulation and self-motion without any prior
visual-spatial knowledge. The main novelty of the present work is that the proposed
neural network system does not use human’s visual-spatial knowledge such as optics, or
positional relationship of pixels, but uses only simple stimulations that have time-series
structure obeying natural laws. Through experiments, we show that the proposed network
can combine two sensations of visual stimulation and self-motion correctly, and can recall
patterns of one side using the input patterns of the other side.
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1. Introduction. What is a conscious mind or what do you mean by cognition? This
problem has been discussed since ancient times. In engineering, the problem has been
addressed as a problem of artificially constructing functions of the conscious mind or cog-
nition. In studies of AI, symbolism [1] and connectionism [2, 3, 4, 5] have been discussed.
In the 70s and 80s, top-down approaches were attempted, were the external world repre-
sented in advance by symbols. This representation is based on human knowledge of the
world. Since human knowledge is not complete, there are necessarily some gaps between
the symbolized and the real world. In addition, a more fundamental problem exists, as
Harnad [6] suggested. It is called the symbol grounding problem-a symbol cannot be
completely defined by symbols. Some symbols must be dynamically connected to real
objects in the real world. As a solution, Brooks [7] proposed behavior-based robotics in
late 1980s. According to the approach, intelligent actions can certainly emerge based on
the relation between a body and its environment [8]. However, the robot does not seem
to have any representation of the external world, its behavior is too directly connected
to environment. In fact, even if the robot (actor) successfully shoots a ball into a goal,
it does not know anything about the ball, the goal, and the relation between them. No
conscious mind or cognition seems to emerge from the approach.

In this paper, we focus on how visual cognition can be generated from the relationship
between a robot’s actions and its sense of vision. In particular, we focus on the problem
of how the relationship is represented in a neural net work. Specifically, we propose a
primitive learning mechanism that organizes a vision system spontaneously by taking into
account of correlations between the inputs of a sensor and its own motion.
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