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•relay signals
•eye inputs 
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Orientation and 
Ocular Dominance Maps

Emerson et. al., 1996.

•Layer V1 Visual Cortex about 15 cm2

•About 108 neurons
•This image is about 20,000 cells

Bonhoeffer and Grinvald (1991) in 
Nicholls et al. (1992)



Model Architecture
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Feedforward Connectivity

Lateral Connectivity

Total Activity

Network Activation
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•Short-range excitation
•Long-range inhibition
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BCM Learning Rule
(Bienenstock, et.al., 1982, Law and Cooper 1992)
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Natural Image Environment

image retinal 
activity

•present patches

•update weights

•Patches from retinal activity image

•Patches from noise



Network Results
•Yellow bar 

�

orientation preference
•Length 

�

selectivity
•Grayscale 

�

ocular dominance



Network Results



Network Results



Benchmarks



Structure in Orientation Map
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•Difference between two points
•Circular measure: 0 degrees = 180 degrees

“cosine map”
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•Autocorrelation of cosine and sine map
•Average over all angles
•Correlation in orientation difference as a 
function of distance between cells

“sine map” ( )),(2sin),( qfq rrs =



Network Results



Simple Example Maps



Conclusions

To Do
•Parallelize the Plasticity software package
•More structured lateral connectivity
•More quantifications of maps and map differences
•More learning rules, both for feedforward and lateral connections

•BCM learning rule can obtain structured orientation and ocular 
dominance maps, with center-surround lateral connectivity
•Introduced a correlation index to measure the structure in a map
•The structure in the map depends on the range of lateral connections


