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Computational Model of the Functional Maps in
the Brain

Se-Bum PAIK

The human brain performs various functions that require a
sophisticated functional architecture of neurons at both the
single-cell and the system levels. In particular, sensory per-
ception is the most fundamental function of the brain, so
the structure of sensory neural system and its mechanism
of information processing has been studied for decades. In
the primary visual cortex of higher mammals, neurons re-
spond selectively to the feature of visual stimulus, such as
the orientation of edges or the direction of movement.
These neurons are often spatially organized by their stim-
ulus preference, forming various types of functional maps.
Explaining the origins and the roles of these maps is cru-
cial to understanding how various components of in-
formation are processed in the brain. In this article, my re-
search over the past few years, which focused on a devel-
opmental model of functional maps in the cortex to explain
how functional circuits in the brain are initially set up will
be reviewed. This review will show how we can use theoret-
ical and computational approaches to study the neural cir-
cuits for various brain functions, and how a simplified
physical model can help us better understand a compli-

cated biological system such as the human brain.
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Fig. 1. The hierarchical structure of early visual pathway.”
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Fig. 2. The examples of observed functional maps in the primary visual
cortex.® (Left) A preferred orientation map. (Right) A preferred spatial
frequency map.
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Fig. 3. The orientation-selective activity of V1 neurons and the spatial
organization of their preferred angles.”
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Fig. 4. Theoretical models of the orientation column structure (Top)
Bandpass-filtered model.”® (Bottom) Essentially Complex Planforms
(ECPs) model.”!
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Fig. 5. The statistical wiring model™': The structure of functional
maps in the cortex are originated from the spatial organization of reti-
nal neurons.
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Fig. 6. The moiré interference model explains the developmental
mechanism of the periodic structure of orientation maps in the primary
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