How do neurons in macaque visual cortex represent a high-dimensional perceptual space?
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Results: in coordinate planes

Introduction and Motivation
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Perceptual spaces play a key role in intermediate visual processing, as they constitute representations that support discrimination, - & o | O | % ~I~ I~
categorization, working memory, and other judgments. The classical perceptual space of color has three dimensions, but others, mmﬁm“ N WDEEE
such as faces and textures, have very high dimension. Representing such spaces within biological constraints is challenging. mmmmm@ﬁﬁmﬂmmm . EEEEQQQQQ
To probe how visual cortex does this, we studied responses of macaque single neurons to NENEN - LLLL d w
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a well-characterized 10-dimensional perceptual domain. Populatlon summary mQ % mm E mm
This model domain consists of black-and-white textures. Its 10 parameters are image overall regression ﬁ_ " " A = =
statistics describing black/white balance and nearest-neighbor correlations (Victor and V1 V2 coefficient:
Conte 2012). The space is a useful model because it captures the informative local image 1 N=283| N =184 H>o A
statistics of natural scenes (TkacCik et al., 2010). Human perceptual sensitivities are - <0 : :
optimally deployed within this space to match the informativeness of the space’s axes ’ | |
(Hermundstad et al., 2014). 0 O
Perceptual studies suggest that this space is represented in two ways: in an opponent by layer
fashion, leading to an approximately Euclidean perceptual metric for threshold tasks (Conte V1 Vo
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suprathreshold judgments (Rizvi et al., VSS 2014). Here we sought to identify the neural _5 .5 g - e e s (0.1<0 with 0,<0 (L62032006) 10 1< with 0>0 (LB40212c01)
basis of these representations, via single-unit recordings in macaque visual cortex. iDE: T
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Stimulus parameters: the 10 coordinate axes 2 _5 5 .- e . H F . | -
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Example neurons

. L Panels show PSTH's of neural responses to pairwise combinations of image statistics, i.e., a plane of the stimulus domain. We measured responses to stimuli positioned at 6 points
Smoothed firing rates of responses to stimuli along the , . . . . .
coordinate axes. The V1 input-layer neuron is modulated along each of 8 rays (PSTH's along the spokes), and to the random texture (PSTH center plotted). Heat maps show the mean firing rate for each stimulus; points indicate the locations
by all 1- and 2-point statistics but not by 3- and 4-point In the plane that were sampled, and color scale spans the range of firing rates for each neuron. Typical neurons responded selectively to specific combinations of image statistics.

statistics. The V2 supragranular neuron is modulated by
image statistics of all orders.
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Summary and Conclusions
Image statistic values are indicated by color: -0.4 (blue) to Local

0.4 (red) for the 1-point statistic v, -0.8 to 0.8 for 2-, 3- and - — = 7 Individual image statistics (the axes):

4- point statistics f, 6, and a. Power Model * Neurons were responsive to multiple kinds of image statistics.

®* Responses to 1- and 2-point statistics were common (~50%) In
V1 and V2.

®* Responses to 3- and 4-point statistics were rare (~10%) in V1 but
more common (~20%) in V2, especially in the supragranular
layers, confirming Yu et al., (2015).
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* denotes significant (p<0.05) dependence.
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