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Binocular spatial frequency profiles of disparity-sensitive neurons in the primary visual cortex
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For our vivid perception of a three-dimensional world, the stereoscopic function begins in our brain by detecting slight shifts of
image features between the two eyes, called ‘binocular disparity’. The primary visual cortex is the first stage of this processing,
and neurons there are tuned to a limited range of spatial frequencies (SF). However, our visual world is generally highly complex,
composed of numerous features at a variety of scales, thereby having broadband SF spectra. This means that binocular
information signaled by individual neurons is incomplete, and combining information across multiple SF bands must be essential
for the visual system to function in a robust and reliable manner. In this study, I investigated whether the integration of
information from multiple SF channels begins in the primary visual cortex. I measured disparity-selective responses in the joint
left-right SF domain using sequences of dichoptically flashed grating stimuli consisting of various combinations of SFs and
phases. The obtained interaction map in the joint left-right SF domain reflects the degree of integration across different SF
channels. A substantial fraction of complex cells in my data showed highly elongated binocular SF profile, which is consistent
with the idea that disparity information is combined from multiple SF channels. For the majority of these neurons, the optimal
disparity is matched across the SF bands. In addition, some of the complex cells showed extremely sharp SF tuning, i.e., narrow
bandwidth for binocular SF matching for disparity detection, compared with relatively broad SF bandwidth for monocular
response. It suggests that both narrowband binocular SF matching and integration of broadband SF information are achieved
simultaneously for accurate disparity detection. These results suggest that a highly specific SF integration process for disparity

detection starts in the primary visual cortex.
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