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The main challenge for understanding motion proces-
sing in the visual system is that local motion signals do
not accurately represent the direction of the whole
object. This is known as the “aperture problem”. The
small receptive fields of individual neurons can only
measure motion components orthogonal to their pre-
ferred direction. Neuro-physiological studies show that
neurons in brain area MT (V5) have a major role in
dealing with this problem [1]. We develop a model to
overcome the aperture problem through excitatory and
inhibitory interconnections between MT neurons.

The model contains two levels of rate-based neuron.
The first level is a model of V1 with two sets of neurons:
complex neurons and hyper-complex end-stopped neu-
rons. End-stopped neurons respond to the end-points of
the stimulus , thereby representing an unambiguous esti-
mation of the direction of motion [2]. The response of
V1 neurons is transmitted to the second level, the model
of MT neurons. MT neurons are categorized as integra-
tion and segmentation neurons. The role of integration
neurons is to integrate local motion signals to solve the
aperture problem; the role of segmentation neurons is to
detect discontinuities in the input stimulus to inhibit
integration neurons [3].

Excitatory recurrent connections between integration
neurons propagate end-stopped information from the
object terminators. As each spatial location contains
neurons selective to different directions, inhibitory con-
nections are added between the neurons such that there
will be only one neuron active at each spatial location.
Long-range inhibitory connections are also added
between more distant MT neurons selective to other
directions. Segmentation neurons send inhibitory
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connections to integration neurons to prevent the pro-
pagation of motion signals outside the border of the
input stimulus. Inhibitory connections between segmen-
tation neurons are defined based on center-surround
interactions; this suppresses activity when the motion
signals in the center and surround are in the same
directions; ensuring that their activity will not prevent
the propagation of motion signals when there is no
discontinuity.

The results of simulations show that the activity of V1
neurons along the edges is much stronger than the activ-
ity of the neurons at the end-points. Activation of end-
stopped neurons in V1 suppresses ambiguous motion
signals along the edges of the stimulus. Therefore, unam-
biguous information at the end-points wins the competi-
tion over the neurons with ambiguous motion signals.
The final output of the model shows that MT neurons
achieve an accurate estimation of motion using the infor-
mation provided by the end-stopped neurons.

We developed a model of MT neurons for motion per-
ception based on the available neuro-physiological data.
These neurons receive their input from neurons in V1.
The results show the successful function of these neurons
in the perception of motion of a single moving bar. In this
model, we also investigated the role of end-stopped neu-
rons in overcoming the aperture problem. The results sug-
gest that MT neurons are not able to solve the aperture
problem without the vital role played by end-stopped cells.
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