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Abstract—Based on our previous assumption that the brain must be considered a tensorial enlity
(PeLLioNISZ & Luinas, 1979a), a concise model for is proposed: The cerebellum acts
as a metric tensor establishing a geometry for the CNS motor hyperspace.

This view assumes thal the brain is a ‘geometrical object’, that is to say, (1) activity in the neuronal
network is vectorial, and (2) the networks arr: organized t:nsur:aliy i€, aclivity vectors r:maln invanant
to changes in reference-frames. Under g brain f then, the of the
inherent geometrical properties of the activity vectors and, more fund: Ily, the deter of the
properties of the multi-dimensional internal space (a frequency hyperspace) in which the vectorial
transformations occur. A basic question is the form in which vectors are expressed. Are the It L
orthogonal projecti to an oblique set of coordinate-axes or are they the parallelogram vectorial
components? Beyond this, the question arises as to whether the CNS hyperspace is endowed with a
geometry determined by a metric tensor.

Thus the problem of motor coordi is approached geometrically: in these terms intended move-
ments, i.e. intended movement vectors, are generated in the CNS in reference to the three-dimensional
space. These movements are executed, however, by the multiparameter system representing the
Given this increase in dimensionality the question of uniqueness needs Lo
be answered: how are the particular components of a motor vector established if they only represent one
choice out of the infinite set of possible vectorial solutions?

The tensorial treatment of motor coordination suggests that the problem is solved by the embedding
of the external three-space into the multidimensional CNS space and that this hyperspace is endowed
with a metric lensor d. for m by the cercbellar neuronal network. Thus, a unique
implementation of the three-di ional i fed is possible by a proposed two-step scheme:
First, an imended movement vector is specified by an overcomplete number of CNS covariant veetor-
components. Second, since covariant components cannot be used directly to execute a movement veclor
(they yield "dysmeuric’ movements), they are transformed into contravariant, physical, components of the
final motor cutput. This transformation is the proposed role of the cerebellar metric tensor. resulting in
a coordinated unique impl

p

While in this paper the vectorial components transformed by the metric are treated as space coordin-
ates, it has not escaped our attention that the movement space-time is actually four dimensional. This
point will be elaborated in a forthcoming paper in which the above concept of metric tensor is expanded
to include space-time coordinates. Thus, the predictive feature of cerebellar action together with the
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metric.concept provide a unified approach to the dynamic properties of motor contral.
Beyond providing a geometrical model of motor coordination by the cerebellum, the tensorial
approach suggests that the ‘covariant analysis’ and ‘contravariant synthesis', via metric tensor, may be a

general principle of the organization of the CNS.

I A RECENT paper we have expressed the general hy-
pothesis that the brain should be regarded as a 'geo-
metrical object (PELLONISZ & LrinAs, 1979a). That is,
(1) a system where activity patterns in neuronal
networks are 1o be regarded as vectors, and also (2)
where the role of such networks is lo pencrate an
internal CNS space in which the vectorial relations
are established tensorially. This approach implies that
while the neuronal networks of a particular brain are
individual, there exists an invariant geometrical prop-
erty (for the class of all similar input and outpul re-
lations) that is common for all networks. This is a

Abbreviations: CNS, central nervous system. VOT
vestibulo-oculomotor tensor.

formal equivalent of the approach implicit in brain
research which aims at understanding the brain from
studies of individual particular brains.

Thus, given a particular neuronal network, its ac-
tivity is determined by the connectivity between input
and output ncurons. This network matrix establishes
a relation between the patterns of activity {e.g. spiking
frequencies) of the input and output neurons. As an
example, il a bundle of n nerves could carry light, as
in fiber optics, and if action potentials could generate
flashes. the input and output patterns (pictures) would
be described as vectors in an n-dimensional space. In
abstract terms, then the activity pattern of a populi-
tion of n neurons is defined as an n-dimensional vee-
tor, where the n coordinate components are the n
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