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In 1951, in a brilliant chapter on color vision, Judd1 wrote, "By far, the most completely worked out of these stage theories is that of Mueller [from 1930].  It takes at least qualitative account of nearly every known [color] visual phenomenon …and ... he has …made a start toward the solution of important problems that will eventually have to be faced by other theorists" (p. 836).  Indeed, the ATD models for color perception and visual adaptation, which account for a very wide range of data of human color vision, suggest that Judd was correct in his judgment. That is, with modifications of the receptor inputs to post-receptor mechanisms, addition of nonlinear gain control at the receptor level and other system nonlinearities (which Judd noted were allowed within Mueller's model) the various versions of the ATD model that have been published during the past ten years2,3 are very similar to the Mueller model. 

The intent of this paper is to present an up-to-date version of the ATD model, to correct errors that were associated with prior publications, and to make explicit the formulations that should be used when applying  ATD to current problems concerning color appearances.  The paper will also emphasize the fact that the ATD model remains extremely powerful in solving the classical problems of color discriminations and chromatic adaptation.

At the receptor level, the model uses generally-accepted LMS receptors. The neural outputs from each receptor are affected by a von Kries-like gain control mechanism.  However, the gain control metric is much different than that of von Kries in that it is highly nonlinear.  It causes very little reduction in neural activity at low levels of receptor activity, but extreme reductions at high levels.  In addition, receptor gain control is affected by neural activity from other retinal areas and from prior retinal stimulation.  These spatial and temporal gain control effects allow the model to predict simultaneous and successive chromatic adaptation phenomena.  The gain-controlled outputs of the receptors then feed a lower-level post receptor stage of visual processing that consists of two "opponent colors" mechanisms (T1 and D1) and one additive nonopponent mechanism (A1). The neural activity from these three mechanisms are subjected to nonlinear compression and then define the orthogonal axes in a three-dimensional  vector space.  The length of the A1T1D1 vectors in that space relate to the apparent brightnesses of lights, and the distances between the vectors relate to discriminations between and among chromatic lights (or achromatic lights). The length of the A1 vector alone is proportional to CIE luminance. 

Outputs from the first post-receptor stage feed a second stage that is (after compression) a classical opponent colors stage.  The A2 mechanism signals an achromatic percept, the T2 mechanism signals redness or greenness, and the D2 mechanism signals blueness or yellowness.

The model accounts for a wide variety of data under "normal" and chromatic adaptation conditions, including apparent brightness, perceptual lightness, apparent hue, perceptual colorfulness, color discriminations, spectral sensitivities and hue shifts within the color solid.
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