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Recent models have placed the superior colliculus inside the local feedback loop that generates the
pulse of innervation needed to make a saccade. Such closed-loop medels need to take inte account
the different coordinate systems of visual and motor signals. This paper presents a computational
model showing how the superior colliculus can bring the visual and motor information together in a

common reference frame.
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INTRODUCTION

Robinson (1975) proposed that rapid eye movements, or
saccades, were generated by a local feedback loop in the
brain stem. The local feedback loop model compares a
motor signal with a visual signal, to determine how far
the eye has moved relative to how far the eye has to go.
However, these signals have quite different represen-
tations in the brain. The visual signal is represented by
the locus of activity on a logarithmically warped,
retinotopic map in the superior colliculus (SC) (Cynader
& Berman, 1972; Robinson, 1972). The motor signal is
represented by the temporal activity of neurons in the
brain stem, which are organized into horizontal and
vertical populations (Henn, Hepp & Biittner-Ennever,
1982; Keller, 1974; King & Fuchs, 1979; Luschei &
Fuchs, 1972). How can the brain compare visual and
motor information when they have such different rep-
resentations? Is the visual information transformed into
a temporal signal, and then compared with the motor
signal? Or, is the motor signal projected onto a spatial
map, so that it can be compared with the spatial map of
the visual signal? In the former case, the comparison
mechanism can be on individual neurons that receive
both visual excitation and motor inhibition. In the latter
case, some mechanism would be needed for comparing
two spatially distributed signals. This paper proposes
a hybrid mechanism for performing this comparison:
the motor signal is converted to a spatial map in the SC,
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and both the visual and motor spatial maps are con-
verted to temporal signals and compared in the brain
stem,

In Robinson’s original model, the visual and motor
signals were both encoded temporally, and there was no
role for the SC. Subsequently, evidence for a second
neural integrator led Jirgens, Becker and Kornhuber
(1981) to modify the local feedback loop model by
adding a displacement integrator (DI in Fig. 1). The
model with a displacement integrator worked in
retinotopic coordinates. Since that model’s input, A, was
a desired rotation of the eye in retinotopic coordinates,
and the neurons of the SC were organized into a
retinotopic map of visual space, it made sense to obtain
A as a temporally encoded signal from the output of the
SC. However, the temporal characteristics of the cells in
the SC do not fit well with this role. In the SC it is the
locus of activity on the map that determines where the
saccade will go (Robinson, 1972; Schiller & Koerner,
1971; Schiller & Stryker, 1972; Sparks, Holland &
Guthrie, 1976; Wurtz & Goldberg, 1972). Furthermore,
the temporal activity of most saccade-related SC cells
consists of a burst that is fairly uniform for all saccades
(Sparks & Mays, 1980), and the spatial distribution of
that activity covers a large population of SC neurons
(Sparks er al., 1976). It is usually assumed that the
collicular output signal is based on some average popu-
lation code, such as the center-of-activity (the neural
analog of the physical center-of-gravity), of the activity
on the SC (Lee, Rohrer & Sparks, 1988). Thus, early
models used a simple spatial-to-temporal transform to
convert a locus of activity on the SC into a temporal
signal in the brain stem (Robinson, 1973). The local
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