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Abstract 

Aim of this work is to compare different models for orientation selectivity in sim- 
ple cells of the primary visual cortex, in order to gain deeper insight into the 
role and disposition of cortical connections. Two different models of simple cell 
response in an hypercolumn are compared. Both receive the same input pattern 
from the lateral geniculate nucleus, assuming that the geometry of the receptive 
field can be described through a Gabor function. Moreover, in both models cortical 
cells receive excitatory synapses from other neurons in the hypercolumn with near 
orientation preference. The two models differ as to the arrangement of inhibitory 
connections: in the first, inhibition is in phase opposition with excitation, but with a 
similar orientation tuning; in the second, inhibition is in phase with excitation, but 
with larger orientation tuning. Both models, with suitable values of the intracortical 
synapse parameters, are able to mimic experimental results in the literature. These 
results include dependence of the response of simple cells on the orientation, con- 
trast and spatial frequency of input gratings or bars. Moreover, both models can 
reproduce the so-called "cross orientation inhibition": addition of a grating with 
different orientation significantly reduces the response to an optimally 'oriented 
grating. These results demonstrate that different models of intracortical connectiv- 
ity in the primary visual cortex are compatible with experimental data. 

l Introduction 

The main characteristic of simple cells in the primary visual cortex is orientation 
selectivity. As originally discovered by Hubel and Wiesel in their pivotal works at 
the early sixties, these cells respond preferentially to elongated visual stimuli of a 
particular orientation and a particular spatial frequency [l]. 
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