MARYLAND Characterizing neural processing in foveal and parafoveal primary visual cortex
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Introduction

Models correctly predict SF tuning Conclusions

Receptive field width depends on filter width

Individual filters

e Foveal V1 neurons are seldom studied, primarily due to difficulty measuring and Spat|a| Scatter

FC-estimated SF tuning e Model-based measures of V1 tuning provide high-resolu-
and controlling eye position with sufficent accuracy given the small size of foveal 0.01! tion information about the selectivity of V1 receptive flelds.
receptive fields.

. e The increase in RF size with eccentricity is explained by
o | two factors: (1) the increasing width of individual processing
. o1 S elements; and (2) the increasing spatial scatter of these
e (G el T, L Model Predicted units. This suggests that parafoveal neurons may be able to
{ L 8 2 . 2 resolve higher resolution inputs than previously expected.
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e While the center-of-gaze is highly significant behaviorally and dramatically over- E ;; : . S T — —— ® Thls_spatlal §c_atter of individual proc_:essmg elements C_an
represented in V1, it is expected (though not known) that studies of V1 proper- _ o 0.2 .: Position (deg) SF (c/deg) Model SF (c/deg) result m sele_ctlwl’gy to IQWIfrquL_JenhC|e|§1m the Conte# O.f drift-
ties in the parafovea [e.g., 1, 2] should generalize to the fovea. S We also measure SF tuning through a model-free forward-correlation (FC) procedure. We INg gratlr.]g stimuli, p_artlcu arly in the y measure, O. erulr_]g an
] ] 8 0 | | | extract the SF spectra of each stimulus frame and compute PSTHSs for frames containing explanatlon for preV|OUS|y observed envelope tumng in V1
How does visual processing compare between foveal S 0 0 N 10 15 power in the upper and lower 30th percentiles for each SF. Subtracting the response to [5]
and parafoveal V1? < % /\ Eccentricity (deg) frames with low power at a given SF from the response to frames with high power at that SF
| o _ Sy 004 Eoa o o4 RF size increases wth eccentricity at a rate of | 9/VeS an accurate estimate of the cell's SF tuning curve. e These sensitive measurements across eccentricity rely on
Are there differences beyond receptive field scaling? Position (deg) ©  Position (deg) 0.17 deg/deg of eccentrcity (R2=0.389). a high-resolution model-based eye-tracking algorithm [4].

RF width was measured by averaging the spatial
profile of all filters, weighted by each filter’s
contribution to the model prediction.

Scale bar = 0.2 deg.

Spatial scatter at high eccentricities affects

e Here, we use the Nonlinear Input Model [3], an LNLN cascade, to measure
properties of V1 neurons in awake macaques across eccentricites between 0.4
and 16 degrees.

responses to gratings
To compare our results to previous studies, we simulate our model’s responses to grating stim- Necess |ty Of model_based eye_tracki ng [4]

uli, specifically the magitude of the response to each grating frequency (F1). Grating-predicted
_ _ SF tuning matches the forward correlation SF tuning in the fovea (<2 deg), but is significantly
ments with model-independent measures. 1.4, lower (tested via wilcoxon rank-sum test) in the parafovea.

e \We use model-based eye-tracking sensitive to ~1 arcmin [4] to allow precise
measurements of receptve field propertes and validate model-based measure-
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guency and reveals the capacity to resolve higher SFs.




