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l Role of V1 Organizations in Visual Processing

Sophisticated analyses find V1 neurons respond to various visual features:

edge ( Hubel & Wiesel, 1959 & 1962, J. Physiol.; Field et al., 1993, Vis. Res.),
contours (Goris et al., 2015, Neuron),

luminance (Nasrabad, 2021, Cell Rep.), Light bar stimulus

projected on screen Recoding from primary
visual cortex (V1)

contrast (Dai & Wang, 2012, Cereb. Cortex),
textures (Knierim & Essen, 1992, J. Neurophysiol.),

pattern symmetry (Cohen, 2013, J. Vis.) and so on.

(Hubel & Wiesel, 1959, J. Physiol)

Hubel & Wiesel, 1959 & 1962, J. Physiol.



l Role of V1 Organizations in Visual Processing

 Two orientation maps in V1:

Higher mammals: pinwheel structures; Lower mammals: salt-and-pepper organizations.

 Pinwheel centers prefer multi-orientation patterns; iso-orientation domains are tuned to linear

features like edges (Li et al, 2019, Sci. Adv.; Koch et al, 2016, Nat. Comms.).

Question: How to process complex contours and affect salience from bottom-up inputs
remains unknown.

Two maps are discovered in V1
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Pinwheel structures Macaque Cat Tree shrew  Ferret Salt-an_d-p_epper
organizations

Mouse Gray squirrel Rat

Pinwheel structures in V1 show organized orientation columns. Weakly clustered salt-and-pepper organizations in V1



l The architecture of self-evolving spiking neural network

Retinotopic maps of functional activity Self-evolving spiking neural network (SESNN)
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l The architecture of self-evolving spiking neural network

SESNN model
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l Role of visual field overlap in determining V1organization

 The level of visual field overlap between neighboring Role of overlap

Overlap degree

neurons in V1 determines the formation of distinct i Pinwheels
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Bl Key Findings - Pinwheel Functionality

° Pinwheel functionality in V1: 3 BSDS500 image BSDS500 binary input b BSDS500 saliency vs. complexity
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Bl Key Findings - Pinwheel Functionality

To confirm the disparity in contour 2 i binary inout
complexity responses, we design a
star-like binary input (Fig. a).

Pinwheels activate over salt-and-

peppers on this star-like pattern (Figs.

Star-like entropy map

a and c).
Pinwheel centers respond more quickly

and sensitively to geometrically

complex stimuli than iso-orientation
domain (Fig. d) due to their complex

orientation preferences (Fig. e).

Star-like shape saliency vs. complexity
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l Conclusion

 Pinwheel centers act as first-stage neurons, detecting natural images and initiating spiking
waves to neighboring iso-orientation domains, which then process as second-stage
neurons. This indicates that early processing involves complex contours, not just edge
detection.

 Pinwheel centers response faster to a variety of orientation features than iso-orientation

domains, functioning as geometric saliency detectors for complex orientations.

Orientation pinwheel map Spatial-temporal response
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Conclusion

« The SESNN model produces two orientation maps in V1 through local synaptic plasticity

during natural images, establishing a new benchmark for neural coding strategies.

Retina-LGN-V1 pathway SESNN model
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