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Fig. 1 Visual perception to the luminance of a target is
affected by surround luminance
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Fig. 2 Perceptual filling-in at the blind spot
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Fig. 3 Onset time of luminance responses of neurons in
the primary visual cortex is earlier than that of contrast
responses
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Neural Coding for Luminance in The Primary Visual Cortex’

WANG Yi™
(State Key Laboratory of Brain and Cognitive Science, Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China)

Abstract Luminance is the most fundamental visual information. In comparison with other visual attributes, we
know less about the neural mechanism responsible for coding luminance due to that visual neurons weakly respond
to uniform luminance and many of them do not respond. Responses of a portion of neurons to luminance in the
primary visual cortex are slower than those to contrast, which is thought to subserve the perceptual brightness
induced by contrast at the borders of uniform luminance. However, our recent studies show that luminance
responses of many neurons in the primary visual cortex are faster than contrast responses, and these neurons are
more sensitive to lower spatial frequencies, higher temporal frequencies, and faster motion speed. The results
indicate that the subcortical inputs of low spatial frequency and high motion speed channels contribute the
generation of luminance responses of these neurons. It is known that responses to low spatial frequencies precede
those to high spatial frequencies, which is thought to underlie the coarse-to-fine process of information processing
in the early visual pathway. The early luminance response we reveal is the response to the extremely low spatial
frequency, which is consistent with the temporal course of responses to low-to-high spatial frequencies. The rapid
luminance response is the initial step of the coarse-to-fine process and the neural basis for processing the earliest
coarse visual information. Moreover, the primary visual cortex contains a group of neurons that prefer luminance
decrements and high motion speeds. The activities of these neurons may aid subjects to detect dark objects that are
moving at high speeds under dim environment and benefit behaviors of subjects in the visual context.

Key words primary visual cortex, information processing, neural coding, luminance, contrast, temporal course,
spatial frequency, temporal frequency
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