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Abstract

The combined processing of signals from the left eye and the right eye starts at the primary
visual cortex (V1). In the primary visual cortex, Hubel and Wiesel identified two classes of
neurons namely simple cells and complex cells. Complex cells are in abundance in layer
2/3 of primary visual cortex. Disparity selective complex cells are present in layer 2/3. In
order to model and study the responses of disparity selective complex cells in the primary
visual cortex, one needs to model layer 2/3 cells in V1 that receives feedforward input
from layer 4 simple cells and incorporate lateral connections within layer 2/3 and feedback
contribution from higher cortical areas.

In this thesis, we have presented a model for disparity selective binocular complex cells
in the primary visual cortex. A four layer visual pathway model is used to get the response
of layer 2/3 cortical cells in the cat primary visual cortex. The first, second, third and fourth
layers represent the retinae, the LGN, the layer 4 of V1 and the layer 2/3 of V1 respectively.
The competition among neurons for limited resources and the cooperation among neigh-
bouring neurons form the basis of our model. Feedforward connection weights from the
LGN to the layer 4 and from the layer 4 to the layer 2/3 were developed using reaction-
diffusion equations. The local lateral connections in the layer 2/3 were also developed in a
similar manner as that of feedforward connections, with layer 2/3 cells as presynaptic cells
as well as postsynaptic cells. The feedback signals were modeled as delayed and scaled
version of feedforward signals.

Our reaction-diffusion based feed-forward model of visual pathway captures realistic



complex cell RFs and response properties with similar orientation maps in layer 4 and layer
2/3. The layer 2/3 cells in iso-orientation regions have sharper orientation tuning compared
to that of the cells near pinwheel singularities, which agrees with the experimental results
of Nauhaus et al. (2008).

As per the criterion of modulation ratio (MR) of spike response, majority of layer 2/3
cells are complex cells, which agrees with the experimental results of Ringach et al. (2002).
Quantification of the extent of overlap between ON and OFF subregions of layer 2/3 cells
was done. A significant correlation between the modulation ratio of the cells and the ON-
OFF subregion overlap in the cells’ receptive fields was found. The spiking threshold and
the nonlinearity in spiking have a significant effect on the MR of the cells, which agrees
with the experimental results of Priebe et al. (2004). It is observed that the simple cells
have sharper orientation tuning compared to that of the complex cells. This is in agreement
with the experimental studies of Rose and Blakemore (1974).

The ‘complex cell like’ behaviour of a layer 2/3 cell was found to have no dependence
on the cell’s location in orientation map. The corresponding experimental results are not
yet reported in the literature.

Local lateral connections modulate the response of the cells with an improvement in
orientation tuning characteristics. Modulation ratio of layer 2/3 cells decreased when feed-
back connections were incorporated. The cells with higher modulation ratio showed a
larger reduction in the modulation ratio when the feedback connections were incorporated,

which is in agreement with the experimental results of Bardy et al. (2006). Feedback con-



nections improved the orientation tuning characteristics of the cells. We report that the cells
achieved sharper tuning characteristics while maintaining phase invariance in the response,
due to the combined effect of local lateral connections and feedback connections.

We could capture disparity selectivity in layer 2/3 cells. Preferred binocular phase
disparity of layer 2/3 cells can be predicted from the knowledge of receptive fields of its
layer 4 simple cell subunits. Characterization of disparity preference of layer 2/3 cells
was done, and disparity map was obtained for the layer 2/3. The disparity map is weakly
clustered. Disparity tuning characteristics of layer 2/3 cells have no relationship with their
orientation tuning characteristics. Local lateral connections improve the disparity sensitiv-
ity of the cells. Due to feedback, most of the cells achieve the phase invariance property
as well as high resolution in orientation detection and disparity detection. Low delay feed-
back improves disparity selectivity whereas high delay feedback improves phase invariance

property of the cells. This prediction of our model needs experimental verification.
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