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A final objective of this laboratory is to understand un-
derlying mechanisms of the self-organization of neural net-
works and the capability of the networks for information
representation and processing. To pursue this objective,
we emphasize utilization of the synergistic combination of
theory and experiment, which would provide complemen-
tary information on how the brain works.

First, we focus on the information representation of
functional architecture in the visual cortex and its devel-
opmental mechanisms. The establishment of a method to
induce reproducible over-representation of experienced ori-
entation by the use of chronically mountable cylindrical-
lens goggles has paved the way to study molecular and
cellular mechanism of the “orientation plasticity” in the
visual cortex. It was shown that restricted exposure to
a single orientation by cylindrical-lens goggles induced
rapidly remarkable over-representation of exposed orien-
tation without losing the selectivity and responsiveness of
single cells to the visual stimuli. We also established a new
method to visualize the orientation domains by c-Fos im-
munohisitochemistry. By applying this method, we found
that the number of c-Fos immunopositive cells in the visual
cortex of a goggles-reared kitten was significantly larger
than that of normal control animal, supporting the remark-
able over-representation of exposed orientation, as found
by our intrinsic optical imaging.

In parallel, we investigated theoretically the influence of
exposure to orientation-restricted visual images on the re-
organization of orientation maps, using our mathematical
model for the activity-dependent self-organization of affer-
ent inputs based on the Hebbian learning. It was shown
that for the presentation of only a vertically oriented mov-
ing grating, the vertical orientation occupied more corti-
cal territory than the other orientations. However, this
over-representation was suppressed by the increase of the
contribution of the learning based on intrinsic correlation
of activity. Namely, the instruction-based learning en-
hances re-organization of orientation maps remarkably but
correlation-based learning moderates the re-organization.

We also regard research on the other modalities to be
important to understand the mechanism of visual neuro-
computing, because such research may provide the under-
standings of basic mechanisms common to different sensory
cortices. Using the intrinsic optical recording technique,
we could visualize the two-dimensional pattern of optimal
frequencies of acoustic stimuli in the auditory cortex of
anesthetized and paralyzed cats. The recording indicates
that the primary auditory field (AI) is tonotopically orga-
nized. In addition, other auditory fields surrounding AI
in the recorded area were identified on the basis of the
observed tonotopicity.

Furthermore, we attempt to understand computational
mechanisms for sequential generation of neural signals in
the brain circuits. We carried out computer simulation of
the inhibitory recurrent network model, and mathemati-
cally analyzed the network properties. We concluded that
the population of active cells in the inhibitory recurrent
network can represent uniquely the passage of time from
the onset of external signal input. Since a realistic model
of the Golgi-granule cell network in the cerebellum can be
reduced to our inhibitory recurrent network, it is suggested
that the cerebellar cortex works as an internal clock. We
also started computational and connectionist modeling to-
wards the understanding of comprehension and generation
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of phonemes, words and sentences.

Based on these studies, it is expected that we will reach
some basic principles for designing a brain-style computer
that works flexibly as the brain does.

Research Subjects and Members of Laboratory
for Visual Neurocomputing

1. Information representation in the visual cortex

2. Information processing in the visual cortex

3. Information representation and processing in so-
matosensory cortex

4. Generation and learning of sequential information
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